Report of UNITAG on HPV dose optimization in Uganda
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1. Executive summary.

On 5% April 2023, the Ministry of Health, through the Director General Health services, requested
the Uganda National Immunisation Technical Advisory Group (UNITAG) to review the available
evidence in support of a switch to a single dose Human Papilloma Virus (HPV) vaccination schedule
(see request letter in Annex 1). This was in line with a 2022 Strategic Advisory Group of Experts
(SAGE) recommendation for countries to consider a switch to a single dose schedule as emerging
evidence showed that it conferred comparable protection as two and three doses, against HPV,
which causes cervical cancer. Ministry of Health highlighted a challenge of low second dose coverage
in its implementation of HPV vaccination.

UNITAG using a systematic Evidence to Recommendation framework, reviewed relevant contextual
evidence for Uganda to develop conclusions and recommendations.

The analysis showed that HPV virus (particularly serotypes 16 and 18) caused cervical cancer is the
most common cancer affecting women in Uganda, with national incidence averages three times the
global levels. This public health problem is further aggravated by low community awareness levels
for preventive tools such as screening to enable early detection and treatment, health system
challenges with administering and completing timely treatment, leading to high numbers of
avoidable morbidities and mortalities (7,000 cases and 6600 deaths) annually.

Efficacy and effectiveness data from ongoing randomized control trials in Kenya, Tanzania, Costa
Rica and India showed that for immuno-competent girls and women, the protective effect from a
single dose of HPV vaccine is non-inferior to that conferred by two or three doses, for at least four
years; albeit with four times lower antibody concentrations. Immuno-bridging studies and modelling
projections have shown that the protection conferred by a single dose of the vaccine persists for at
least ten years.

Economic and financial analyses conducted in Uganda and modeling studies similarly showed that
switching to a single dose of HPV would half the financial cost of a fully immunized girl and was more
effective, requiring less vaccine doses to achieve similar results in number of cases averted and lives
saved. This corresponded to modelling results which showed that with comparable coverage (70% +)
and no waning, forty years after vaccine introduction, a single dose averted comparable cases of
cervical cancer as two doses at half the upfront cost.

Regarding acceptability of the single does among vaccine recipients, a nested qualitative study in
Tanzania among trial participants found that girls preferred a single dose, in order to avoid pain
associated with a second jab, whereas caregivers deferred to decision on number of doses to the
medical team trusting them to provide what was protective to their daughters. Other reasons given
for single dose preference was less logistical requirements with no need for a second visit, and
ethical considerations to avail the vaccine to more people that need it.

The switch to a single dose with the aim of reaching more girls with the HPV vaccine aligns with the
National Cervical Cancer Strategic plan to reduce the incidence, prevalence and mortality from
cervical cancer among Ugandan women for the period 2018 —2023.

Having considered the contextual evidence, UNITAG thus concludes:

1. Cervical cancer, mainly caused by HPV, is a public health problem in Uganda. The available
prevention and treatment options, such as early detection through screening and ablative or
incision treatments are currently not being optimally utilized due to a combination of low
community awareness and health system constraints.



HPV vaccination program in Uganda has been partially successful, with high coverage rates
for the first dose, but low completion rates for the second dose.

There is interim efficacy data from settings in low and middle income countries that show
that a single dose of Cervarix and Gardasil HPV vaccines provide comparable protection as
two or three doses in immuno-competent girls and women for at least four years.
Switching from a two dose to a one dose schedule for HPV vaccine in immuno-competent
recipients offers significant financial benefits in terms of costs saved per fully immunized
child.

A switch from two doses to one dose of HPV vaccine is anticipated to reduce logistical costs
associated with tracking targets for follow up doses and return visits, limiting it to only
immuno-compromised recipients.

Based on the foregoing evidence and conclusions, UNITAG thus recommends:

1.

For Immuno-competent girls aged 9-14 years in Uganda, there is sufficient scientific
evidence to support the provision of one dose of Cervarix or Gardasil HPV vaccine, as the
efficacy is comparable to that from two doses and is sufficient to provide protection against
HPV disease. The shift from two doses to one dose would also be cost-saving and cost-
effective for the country.

Immuno-compromised girls, including those who are HIV positive, should continue to
receive three, if not at feasible, at least two doses of HPV vaccine. The second and third
doses should be administered at the care clinics.



1 Introduction

On 5% April 2023, the Ministry of Health, through the Director General Health services, requested
the UNITAG to review the available evidence in support of a switch to a single dose Human
Papilloma Virus (HPV) vaccination schedule (see request letter in Annex 1). This was in line with a
2022 Strategic Advisory Group of Experts (SAGE) recommendation to the WHO Director General for
countries to consider a switch to a single dose schedule as emerging evidence showed that it
conferred comparable protection as two and three doses, against HPV, which causes cervical cancer.
Ministry of Health highlighted a challenge of low second coverage in its implementation of HPV
vaccination.

The WHO has in the past made similar off-label recommendations for change of vaccine dosage
following updated evidence. An example is with Yellow fever vaccine, which was licensed in 1965
with a recommendation for a booster dose every ten years, based on limited data. Following new
studies that showed persistence of the neutralizing antibodies several decades after vaccination, and
using this as a proxy for efficacy, the WHO recommendation was updated in 2003 to one vaccine for
lifelong protection.!

2 Background

2.1 Human Papilloma Virus (HPV) Disease?

HPV is mainly transmitted through sexual contact and most people are infected with HPV shortly
after the onset of sexual activity. More than 90% of them clear the infection eventually. HPV cervical
infection results in cervical morphological lesions ranging from normalcy (cytologically normal
women) to different stages of precancerous lesions —Cervical Intraepithelial Neoplasia (CIN-1, CIN-2,
CIN-3/CIS) and invasive cervical cancer. HPV causes virtually 100% of cervical cancer cases, and an
underestimation of HPV prevalence in cervical cancer is most likely due to the limitations of study
methodologies. Worldwide, HPV16 and 18 (the two vaccine-preventable types) contribute to over
70% of all cervical cancer cases, between 41% and 67% of high-grade cervical lesions and 16-32% of
low-grade cervical lesions. HPV is also responsible for other diseases such as recurrent juvenile
respiratory papillomatosis and genital warts, both mainly caused by HPV types 6 and 11.

Comprehensive cervical cancer control includes primary prevention (vaccination against HPV),
secondary prevention (screening and treatment of pre-cancerous lesions), tertiary prevention
(diagnosis and treatment of invasive cervical cancer) and palliative care. Cervical cancer can be cured
if diagnosed at an early stage and treated promptly.

2.2 HPV burden coverage and trends?

2.2.1 Global burden of HPV related cancers and disease

Cancer of the cervix uteri is the 4th most common cancer among women worldwide, with an
estimated 604,127 new cases and 341,831 deaths in 2020. Worldwide, mortality rates of cervical
cancer are substantially lower than incidence with a ratio of mortality to incidence to 57%
(GLOBOCAN 2020). Worldwide, HPV16 and 18 (the two vaccine-preventable types) contribute to

TWHO 2013. Background paper on Yellow Fever vaccine. SAGE Working Group.
https://cdn.who.int/media/docs/default—source/immunization/position_paper_documents/yeﬂow—fever/I—background-
paper-yellow-fever-vaccines.pdf?sfvrsn=b8ed5829_2

2 WHO 2022. Cervical Cancer Fact sheet. https:/ /www.who.int/news-room/fact-sheets/ detail / cervical-cancer

3 Bruni L, Albero G, Serrano B, Mena M, Collado JJ, Gémez D, Mufioz ], Bosch FX, de Sanjosé S.

ICO/IARC Information Centre on HPV and Cancer (HPV Information Centre). Human Papillomavirus and Related
Diseases in Uganda. Summary Report 10 March 2023. [Accessed Sept 2023 ]



over 70% of all cervical cancer cases, between 41% and 67% of high-grade cervical lesions and 16-
32% of low-grade cervical lesions. After HPV16/18, the six most common HPV types are the same in
all world regions, namely 31, 33, 35, 45, 52 and 58; these account for an additional 20% of cervical
cancers worldwide (Clifford G, Vaccine 2006;24(53):26)

In November 2020, the Cervical Cancer Elimination Initiative (CCEI) was launched; an ambitious
global strategy to eliminate cervical cancer as a public health problem, with the ultimate aim of
reducing cervical cancer incidence to fewer than four women per 100,000 women-years worldwide.

2.2.2 Burden of HPV disease in Uganda

About 6,959 new cervical cancer cases are diagnosed annually in Uganda (estimations for 2020).
Cervical cancer ranks* as the 1st leading cause of female cancer in Uganda. Cervical cancer is the
number one most common female cancer in women aged 15 to 44 years in Uganda.

Age specific incidence of cervical cancer in Uganda compared to regional and global figures
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2.2.3 Cervical cancer incidence by region in Uganda (2012-2021)
The northern and north eastern parts of Uganda have registered higher cases of cervical cancer, with
Lira, Obongi and Napak districts reporting the highest cases.


https://cceirepository.who.int/
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Source: Nampera et. al 2023. Uganda National Public Health Institute. Spatial and temporal trends of
cervical cancer in Uganda. 2012-2021) Analysis of Surveillance Data. https://uniph.go.ug/spatial-and-
temporal-trends-of-cervical-cancer-uganda-2012-2021-analysis-of-surveillance-data/

Spatial distribution of cervical cancer cases in Uganda, 2019.

Source: Source: Nampera et. al 2023. Uganda National Public Health Institute. Spatial and temporal
trends of cervical cancer in Uganda. 2012-2021) Analysis of Surveillance Data.
https://uniph.go.ug/spatial-and-temporal-trends-of-cervical-cancer-uganda-2012-2021-analysis-of-
surveillance-data/
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2.2.4 Comparison of age-specific cervical cancer incidence and mortality rates in Uganda
(estimates for 2020)
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Data accessed on 27 Jan 2021

Prevalence of other HPV infections and disease in Uganda

Disease/ infection Annual new Annual Mortality
infections (nos.) (nos.)
Men Women Men Women
Anal Cancer 70 43 51 31
Vulva Cancer - 122 - 73
Vaginal Cancer - 38 - 23
Penile Cancer 345 165
Oro-pharyngeal cancer 79 13 53 9
Oral cavity cancer 264 122 169 78
Laryngeal cancer 186 50 120 34

Prevalence of HPV 16 /18 by cytology in Uganda

Normal cytology Cervical Cancer = Anal cancer
% HPV 16/18 3.6 57.0(38/19) 58/11.8

2.3 Risk groups for HPV infection in Uganda:

2.3.1 High risk sexually active young people

Almost 14% of Ugandan adolescents is sexually active by age 15 (15.5% of the girls and 12.2% of the
boys)* and over 50% by age 18°. When sexually active, around 15% of the young Ugandans aged 15—
19 years, ever used a condom. Of those aged 15-24 years who ever had sex, 28% used a condom at

4 UNAIDS: Global report. UNAIDS report on the global AIDS epidemic 2010. 2010, Geneva, Switzerland, Available at:
http://www.unaids.org/globalreport/documents /20101123 GlobalReport full en.pdf

5 Uganda Bureau of Statistics, & ORC Macro. MEASURE/DHS+ (Programme). (2007). Uganda Demographic and
Health Survey, 2006. Uganda Bureau of Statistics.
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first sex, with a slight difference between boys (29%) and girls (27%). By the age of 19, approximately
50% of all Ugandan women have had their first child®.

2.3.2  HIV Positive Immuno-compromised

Banura et. al., 20117 conducted a systematic review on the burden of HPV among HIV infected
persons in Uganda. Among HIV negative adult women, the prevalence of HR-HPV infections ranged
from 10.2% to 40.0% compared to 37.0% to 100.0% among HIV positive women. Among HIV
positive young women aged below 25 years, the prevalence of High Risk-HPV genotypes ranged from
41.6% to 75.0% compared to 23.7% to 67.1% among HIV negative women. Multiple infections with
non-vaccine HR-HPV genotypes were frequent in both HIV positive and HIV negative women.
Among uncircumcised adult HIV positive males, HR-HPV prevalence ranged from 55.3% to 76.6%
compared to 38.6% to 47.6% in HIV negative males. Incident and multiple HR-HPV infections were
frequent in HIV positive males. Being uncircumcised was the main risk factor for both prevalent and
incident HPV infection.

2.3.3  Burden of HIV infection among Adolescent girls and young women in Uganda.

The Uganda National Institute of Public Health analysed routine HIV testing data from 2017 to 2021
for adolescent girls and young women reported through the District Health Information System 2
and from 600 clinical sites that test for HIV recency in Uganda.

According to the Ministry of Education and Sports Education Abstract of 20172, a total of 34,546
(16,752 male and 17,794 female) pupils have HIV/AIDS, a proportion of 0.35% to the total
enrolment in primary schools.

HIV positivity rate among young girls and adolescent women 2017-2021

Age Total Tested HIV positivity 95% Confidence
Category Tested Positive rate (%) Interval

10-14 732,433 5972 0.82 (0.80-0.84)

15-19 3,204,505 45,381 1.42 (1.40-1.43)
20-24 4,596,054 117,280 2.55 (2.54-2.57)

Geographically, four districts had persistently high prevalence rates (>4%) among this population
group: Mbarara, Rwampala, Sheema and Kalangala.

Spatial distribution of five year HIV positivity rate among adolescent girls and Young Women (10-24
years) in Uganda, 2017 — 2021.

¢ Rijsdijk, L.E., Bos, A.E,, Lie, R. er al. Correlates of delayed sexual intercourse and condom use among adolescents in
Uganda: a cross-sectional study. BMC Public Health 12, 817 (2012). https://doi.org/IO.I 186/1471-2458-12-817

7 Banura C, Mirembe FM, Katahoire AR, Namujju PB, Mbonye AK, Wabwire FM. Epidemiology of HPV genotypes in
Uganda and the role of the current preventive vaccines: A systematic review. Infect Agent Cancer. 2011 Jul 12;6(1):11. doi:
10.1186/1750-9378-6-11. PMID: 21749691; PMCID: PMC3163594.

8 Ministry of Education and Sports 2019. Education Abstract 2017. https://www.education.go,ug/wp—
content/uploads/2019/08 / Abstract-2017.pdf



Mbarara District

Sheema District HIV positivity rate

_10-09%
O1-19%
B2-29%
W-30%
I <3 and Above

Rwampala District

Kalangala District

Figure 3: Spatial distribution of five-year HIV positivity rate among Adolescent Girls and Young Women 10-24 years, Uganda,
2017-2021

2.4 Strategies for cervical cancer prevention and care in Uganda.
In 2020, WHO launched a global strategy to eliminate cervical cancer as a public health problem. In
order to achieve this, countries have to meet the 90-70-90 target:
1. 70% of women screened using a high-performance test by 35 years of age and again by 45
years of age
2. 90% of women identified with cervical disease are treated:
- 90% of women with pre-cancer treated
- 90% of women with invasive cancer managed
3. 90% of girls fully vaccinated with HPV vaccine by 15 years of age

Uganda’s National Cervical Cancer Prevention and Control Strategic Plan 2018 aims to reduce the
incidence, prevalence and mortality from cervical cancer among Ugandan women for the period
2018 — 2023.1t proposed the following targets:

1. Increase screening rates of pre-cancer among women aged 25-49 years from 10% to 50%
2. Increase treatment rates of pre-cancer lesions among women aged 25-49 years by 80%
3. A 100% HPV1 and HPV2 vaccination to all eligible girls/women.

As of 2021, there was a 378% increase in screening for cervical cancer compared to the 2018 levels.®
Despite this progress, Uganda’s national screening program faces considerable implementation
gaps. In practice, screening in Uganda is erratic and absent in many regions'®. Unfortunately, there is
very limited (or no) public funding for such programs which suffer from acute donor-dependency.
Uptake of screening services that do exist are negatively impacted by limited access to facilities,
compounded by the costs associated with services, travel, and wait times. There is also a shortage of
trained screening providers. This explains the low lifetime screening rate of between 4.8% and 0%.°

9 Nampera et. al 2023. Uganda National Public Health Institute. Spatial and temporal trends of cervical cancer
in Uganda. 2012-2021) Analysis of Surveillance Data. https://uniph.go.ug/spatial-and-temporal-trends-of-
cervical-cancer-uganda-2012-2021-analysis-of-surveillance-data/

10 Auma et al 2023. Task-shifting for point-of-care cervical cancer prevention in low- and middle-income
countries: a case study from Uganda. Frontiers for Public Health. Vol.11. doi 10.3389/fpubh.2023.1105559
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1105559



https://uniph.go.ug/spatial-and-temporal-trends-of-cervical-cancer-uganda-2012-2021-analysis-of-surveillance-data/
https://uniph.go.ug/spatial-and-temporal-trends-of-cervical-cancer-uganda-2012-2021-analysis-of-surveillance-data/
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1105559

Wanyenze et. al., 2017 found that only 33% of HIV positive women attending clinical care had
been screened for cervical cancer despite their high risk profile.

The Uganda Cancer Institute (UCI) is the main center for cancer care in the country with an 80-bed
capacity receiving about 6,000 cases every year.'? Based on the Kyadondo Cancer Registry, more
than 80% of women with cervical cancer referred to the UCI present with stage Ill or higher
disease. 70-80% of women who present to the UCI are infected with the human
immunodeficiency virus (HIV). Surgery, radiotherapy, and chemotherapy as well as palliative care
services were all available in Uganda for the treatment of invasive cervical cancer. However, there
are persistent challenges with infrastructure, shortage of equipment and supplies and inadequate
trained health care workers.'? Additionally, there is low adherence to treatment, with one 2023
study of patients at the Uganda Cancer Institute showing a 12% adherence rate.:

3 HPV vaccines

3.1 Global HPV vaccination recommendations

Prophylactic HPV vaccines have now been in use for 15 years, during which time they have been
demonstrated to have an excellent safety profile in population use and very high efficacy against
targeted type HPV infection and HPV-related diseases including cervical cancer. WHO has
recommended their use in pre-adolescent girls for the prevention of cervical cancer since 2003,
initially using the originally trialled three dose schedule and, from 2014, in a two dose schedule
(based on immune-bridging data) for those aged under 15 at dose one!*. A two dose schedule was
recommended with a minimum interval of six months. However, HPV vaccine supply has been
insufficient to meet demand since 2018.

Basing on updated evidence from trials and immune-bridging data, off label vaccine dose
optimization recommendations on the use of HPV vaccines were issued by the WHO Strategic
Advisory Group of Experts (SAGE) on Immunization at its meeting in April 2022, and subsequently
endorsed by WHO?:

i.  Asingle dose schedule can be used in girls and boys aged 9-20 years

ii. Individuals known to be immune-compromised or HIV-infected (regardless of age or
antiretroviral therapy status) should receive at least two HPV vaccine doses (minimum 6
months interval) and, where possible, three doses.

11 Rhoda K. Wanyenze, John Baptist Bwanika, Jolly Beyeza-Kashesya, Shaban Mugerwa, Jim Arinaitwe, Joseph
K. B. Matovu, Violet Gwokyalya, Dickson Kasozi, Justine Bukenya & Fred Makumbi (2017) Uptake and
correlates of cervical cancer screening among HIV-infected women attending HIV care in Uganda, Global
Health Action, 10:1, DOI: 10.1080/16549716.2017.1380361

12 Nakisige C, Schwartz M, Ndira AO.(2017) Cervical cancer screening and treatment in Uganda. Gynecol Oncol
Rep. 2017 Feb 3;20:37-40. doi: 10.1016/j.gore.2017.01.009. PMID: 28275695; PMCID: PMC5331149.

13 Najjemba, J.1., Ndagire, R., Mulamira, P. et al. Treatment compliance among adult cervical cancer patients
receiving care at Uganda cancer institute, Uganda: a retrospective data review. BMC Cancer 23, 631 (2023).
https://doi.org/10.1186/s12885-023-11145-1.
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-023-11145-1#citeas

14 WHO 2013. Immunogenicity of 2 vs 3 doses of HPV vaccination in immuno-competent girls.
https://cdn.who.int/media/docs/default-source/immunization/position_paper_documents/human-
papillomavirus-(hpv)/hpv-grad-immunogenicity-2vs3-immunocompetent.pdf?sfvrsn=63892fdb_2

15 WHO 2022. Human Papilloma vaccines. Position paper (updated March 2022).
https://www.who.int/publications/i/item/who-wer9750-645-672
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3.2 Global HPV vaccine demand and supply forecast®.
Global HPV vaccine supply

Currently, five HPV vaccines have received marketing authorisation and/or WHO prequalification:

GSK’s Bivalent Cervarix® with proprietary AS04 adjuvant,

Innovax’s Bivalent Cecolin® with aluminium-containing adjuvant,

Biotechnology’s Bivalent Walvax with aluminium-containing adjuvant

Merck’s Quadrivalent (HPV4) vaccine: Gardasil® with aluminium-containing adjuvant
Merck’s Nonavalent (HPV9) vaccine: Gardasil 9° with aluminium-containing adjuvant

vk wNeE

All HPV vaccines contain virus like particles (VLPs) against high-risk HPV types 16 and 18; the
nonavalent vaccine also contains VLPs against high-risk HPV types 31, 33, 45, 52 and 58; and the
guadrivalent and nonavalent vaccines contain VLPs to protect against anogenital warts causally
related to HPV types 6 and 11.

Among fully vaccinated, baseline HPV-naive women, the bivalent vaccine has shown statistically
significant cross-protective efficacy, although with wide confidence intervals, against 6-month and
12-month persistent cervical infections and CIN2+ only consistently for HPV 31 and 45, with the
highest effect observed for HPV 31 (range 64.6% [95% Cl: 27.6 to 83.9] to 79.1% [97.7% Cl: 27.6 to
95.9] for 6-month persistent infection; maximal follow-up 4.7 years). No cross-protection was shown
in extended follow-up. The quadrivalent vaccine efficacy for HPV 31 is 46.2% [15.3-66.4]; follow-up:
3.6 years. Similarly, observational studies found consistently significant effectiveness only against
HPV 31 and 45 with both vaccines?’.

Two quadrivalent HPV vaccines are currently in Phase 3 clinical development: one from Serum
Institute of India and one from the China National Biotec Group (CNBG). All use aluminium-
containing adjuvants and are likely to be licensed with an indication for girls 9—14 years old for two-
and/or three-dose schedules.

Vaccine demand vs. supply

A global demand forecast for HPV vaccine has been developed for the 10-year period 2022-2031%®
based on historical procurement data and the latest available requests!® A WHO projection
forecasted an increase in available supply over the medium term (4—6 years, range 2—4X), from the
~80M doses that were expected to be available in 202226,

The base-case scenario of the forecast was developed based on the current WHO-recommended
two-dose schedule for girls under 15 years of age. Starting from 2022, global supply is expected to
be sufficient to meet base demand for a two-dose routine program targeting girls, inclusive of MACs
campaigns. The supply—demand balance is expected to steadily improve from 2023 to 2024. After
2025, HPV vaccine supply is expected to significantly exceed demand even in the most pessimistic
supply scenarios.

16 WHO and Market Information for Access to Vaccines, March 2022. Global Market Study HPV.
https://cdn.who.int/media/docs/default-source/immunization/mi4a/who-mi4a-global-market-study-
hpv.pdfestvrsn=649561b3 1&download=true

17 Brown DR, Joura EA, Yen GP, Kothari S, Luxembourg A, Saah A, Walia A, Perez G, Khoury H, Badgley D, Stanley M.
Systematic literature review of cross-protective effect of HPV vaccines based on data from randomized clinical trials and
real-world evidence. Vaccine. 2021 Apr 15;39(16):2224-2236. doi: 10.1016/j.vaccine.2020.11.076. Epub 2021 Mar 18.
PMID: 33744051.
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Excess supply

Demand Scenarios Base supply Low supply Supply >2X Demand
Short-Term Mid-Term Long-Term Short Term Mid Term Long-Term No risk of shortages
(1-3) (4-6) (69) (1-3) (4-6) (69) Supply >1.3X Demand

2-doses no MACs high coverage (Elimination)
1-dose +1d MACs
1-dose +1d MACs & gender neutral

B Insufficient supply
Supply <1.1X Demand

2-doses +2ds MACs (base case) 5 isk of short
2-doses +2ds MACs & gender neutral 53:1;;': 1 gste:naagrE

1d: one dose; 2ds: two doses; MACs: multi-age cohorts.

20 Inthis scenario, boys' vaccination is not expanded Turther to countries 22  One-dose-only scenarios assume that supply is available solely from
other than the ones that already have them in place. suppliers that have supporting data for a single-dose schedule,

21 Low supply scenario based on more conservative assumptions
concerning manufacturing capacity increases and success in clinical
development.

3.3 Potential impact of one dose strategy on vaccine demand and supply

In this context, the potential adoption of a one-dose schedule would further improve the supply—
demand balance in the short term, allowing accelerated implementation of MAC campaigns and
more flexibility on product choice. In the medium and long term, the implementation of a one-dose
schedule by a large number of countries could (i) either allow for a more generalized adoption of
boys and/or older cohorts vaccination strategies or (ii) lead to a rapid reduction in programmatic
dose requirements?®®, The latter, coupled with the fact that not all products have data available
supporting the switch to one dose or boys vaccination, could impact the sustainability of the HPV
market for vaccine manufacturers, including through price changes and/or market exits. Transition
to a one-dose schedule would therefore require careful management, including through generation
of evidence for single-dose efficacy for all products.

3.4 Vaccine Price

The reported price per dose of HPV vaccines shows a tiered structure by procurement method and
income group with UNICEF Supply Division (SD)/Gavi and the PAHO (Pan American Health
Organization) Revolving Fund (RF) paying the lowest prices, at US$ 4.50 and USS 9.98, respectively.
The UNICEF SD/Gavi price for GSK’s HPV2 product increased to US$ 5.18 starting in 2022, and the
price for Merck’s HPV4 will continue at US$ 4.50 until 2025. Contracted price for Innovax starting in
2022 is $2.90 per dose though no country is yet to procure the vaccine. The self-procuring MICs’
median price for HPV2 is more than twice the Gavi price and slightly higher than the PAHO price.
Generally, GSK’s HPV2 product is lower priced, ranging from USS 11.17 to USS 12.53, compared with
Merck’s HPV4 product, which ranges from USS$ 13.81 to US$ 64.16 for self-procuring MICs?®,

usD UGX (USD *3730)
Unicef/Gavi PAHO Self- Unicef/G PAHO Self-
Procuring = avi Procuring
HPV2- gsk (16/18) 5.18 10.2-11.4 14.14 19,321.4 38,046 - 52,742.2
42,522
HPV2 - Innovax 2.9 2.9 2.9 10,817 10,817 10,817
(16/18)
HPV4 — Merck 4.50 13.5- 16,785 50,355 -
(6/11/16/18) 26.7 99,591
HPV 9 _Merck* 268.02 999,714.6

HPV Vaccine prices for 2023. Sources: UNICEF supply division (2022)
https://www.unicef.org/supply/media/11776/file/HPV-vaccine-prices.pdf and *Merck webpage
https://www.gardasil9.com/adults/cost/
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3.4.1 Funding for HPV Vaccines

HPV vaccines are listed among Gavi funded antigens for low and medium income countries, of
which Uganda is among. In December 2022, the Gavi board made a decision to provide additional
funding for HPV vaccines support to help countries and partners reach more girls with this life-saving
vaccine than ever®®, This includes US$ 40 million to optimise health systems strengthening
investments focused on effective delivery of the HPV vaccine. Gavi will dedicate US$ 15 million to
establish a learning agenda to support the integration of the HPV vaccination programme into
routine immunisation and primary health care in lower- and middle-income countries. Gavi will also
offer support to countries to optimise the 2022 WHO Strategic Advisory Group of Experts on
Immunization (SAGE) one-dose recommendation.

3.4.2 HPV co-financing costs and projections for Uganda 2020-2024

In 2019, Uganda spent $ 156,000 in co-financing HPV vaccine out of the total $3,134,500 co-
financing expenditure, accounting for 4.98%. HPV vaccines are projected to cost $303,855 in 2024
(see figure below).®®

Co-financing projections for 2020 - 2024
$4.00
,M‘ $3 44 $3.56 ® MR routine
$350 $3.21
$3.00 - i Rota
w $250 - mPCV
5
= $200 |
= u Penta
$1.50 -
$1.00 m HPV national
$0.50
s | [ e
2020 2021 2022 2023 2024
| 2020 2021 2022 2023 2024
HPV national $ 251407 § 263772 § 276,832 $ 200,200 $ 303,855
Penta $ 715997 § 747,030 $ 772,434 § 798,236 $ 824 381
PCV $ 715997 § 747,030 $ 772,434 § 798,236 $ 824,381
Rota $ 465228 $ 485163 § 501,477 $ 518,041 § 534,821
MR routine $ 1,150,244 § 962,703 § 997562 $ 1,033,020 $ 1,069,006
Total $ 3,208872 $§ 3205697 $ 3,320,739 $ 3,437,733 $§ 3,556,444

3.5 HPV Vaccine delivery in Uganda

In 2008, Uganda carried out a demonstration project for HPV vaccination in Nakasongola and Ibanda
districts and the project ended with impressive results. Later in 2012, twelve additional districts
were piloted to make a total of fourteen, implementing the HPV vaccination program supported by
the Global Alliance for Vaccines and Immunization (GAVI), World Health Organization, UNICEF, and
MSD. In November 2015, Uganda introduced HPV vaccine in its immunization schedule in all
districts. HPV vaccine was introduced as a routine vaccine to be delivered during every static and
outreach immunization sessions but intensified through Integrated Child Health Days during the
months of April and October where health workers conduct school-based outreaches. In Uganda
girls ages 10-14 years are eligible for vaccination. Catch-up vaccination is recommended for girls

18 Gavi the vaccine alliance, 2023. Press release. Immunisation partners outline ambitious plan to protect
millions of girls in lower- and middle-income countries against cervical cancer.
https://apigateway.agilitypr.com/distributions/history/5175d58e-cea7-4180-abfe-7a6¢c2edfc9bb
1% Gavi 2019. Uganda. Key information on co-financing. https://www.gavi.org/sites/default/files/document/co-
financing-information-sheet-ugandapdf.pdf
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older than 14 years, provided they have not yet become sexually active.?’ Currently the vaccine is
given in a two dose schedule, at least six months apart

3.6 HPV vaccination coverage trends in Uganda
3.6.1 HPV coverage by dose
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Target population who received the last dose of HPV vaccine in the reporting year

Population turning 15 in the reporting year that received any time between age 9- 14 at least
one dose of HPV vaccine

Population turning 15 in the reporting year that received any time between age 9- 14 the full
recommended schedule of HPV vaccine

Author generated figure. Source data: UNICEF 2023. Immunisation. Immunisation data. Build your
own dataset. Human Papilloma Virus (HPV) Immunisation coverage estimates, July 2023.
https://data.unicef.org/topic/child-health/immunization/#

Girl child enrollment in school by age in 2017
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Author generated figure. Source data from Ministry of Education and Sports 2019. Education
Abstract 2017. https://www.education.go.ug/wp-content/uploads/2019/08/Abstract-2017.pdf

20 Minstry of Health, 2010. Strategic plan for cervical cancer prevention and control in Uganda 2010-2014.
https://www.iccp-portal.org/system/files/plans/PATH Uganda cxca strat plan 2010-2014.pdf
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3.7 Causes of low completion rates for HPV vaccine in Uganda

A 2022 mixed methods study was conducted in Mulago National Referral hospital adolescent clinic®
covered 288 girls; 201(69.8%) girls completed 2 doses of HPV vaccine, while 87(30.2%) girls received
only one dose of HPV vaccine. Findings showed that Knowledge about HPV infection and HPV
vaccine benefits, positive peer influence and healthcare worker recommendation to get vaccinated
at health facility level positively influenced timely completion of HPV vaccine. Among barriers to
completion of HPV vaccine identified were: inadequate information about HPV infection and HPV
vaccine, concerns about HPV vaccine efficacy and safety, unclear communication with
adolescents/caregivers from healthcare workers and -stock out of the HPV vaccine.

A 2020 analysis by Kamulegeya John?? indicated that health service delivery challenges are one of
the greatest barriers to HPV vaccination, specifically the lack of capacity to track and distribute
reminders to eligible patients, low ability to effectively mobilize communities and commodity
logistic challenges. Health care providers do not strongly recommend the vaccine, are not
effectively educating their patients about it, are not outlining its vaccination schedule, and are not
urging families to start and then complete the vaccination in time. This analysis is consistent with
findings by Kisakye et. al., 2018% study among adolescents in Lira district: Out of the 460
respondents interviewed, 49.6%, (228/460) had not received any dose of HPV vaccine, 18.0%
(83/460) had received one dose, 14.8% (68/460) had received two doses, and 17.6% (81/460) had
completed all the three doses. Out of the 232 respondents who had initiated on the vaccine, 180
(77.6%) had received it from school. Most of the adolescents who had received one dose of the HPV
vaccine were aware of the HPV vaccine but did not know the right doses and intervals between the
doses. Similarly, a 2020 qualitative study by Nabirye et.al.?*, among girls aged 9-15 years in Mbale
district found that 49% (200/407) had initiated the vaccination, of these, adolescents that had
initiated the HPV vaccine, only 13.8% (56/407) had received both doses and thus completed the
vaccination. Lack of awareness was the main reason given by 45% (182/348) of the adolescents
that had received one dose or none of the vaccine. While some respondents mentioned that they
were not aware about the HPV vaccine, some were not aware of the number of doses that they
must receive and others were not aware of the schedule or interval of the vaccines. In this study,
the major barriers to service delivery from the key informant interviews included: low financing,
myths about the vaccine, unclear communication on the target for the vaccine’s coverage and
transport challenges to reach the adolescents in the community. Rujumba et al. 2021% additionally

21 patrick, L., Bakeera-Kitaka, S., Rujumba, J., & Malande, O. O. (2022). Encouraging improvement in HPV
vaccination coverage among adolescent girls in Kampala, Uganda. PLOS ONE, 17(6), e0269655.
https://doi.org/10.1371/journal.pone.0269655

22 John Kamulegeya. Uganda National Institute of Public Health (2020). Uptake of Human Papilloma
Vaccination in Uganda, Barriers and Opportunities: A Policy Brief. https://uniph.go.ug/wp-
content/uploads/2021/05/6-LB18Jan2021-John-Kamulegeya_HPV.pdf

23 Esther Kisaakye et al. Level and factors associated with uptake of Human papillomavirus infection vaccine
among female adolescents in Lira District, Uganda. Pan African Medical Journal. 2018;31:184. [doi:
10.11604/pamj.2018.31.184.14801]

24 Nabirye, J., Okwi, L.A., Nuwematsiko, R. et al. Health system factors influencing uptake of Human Papilloma
Virus (HPV) vaccine among adolescent girls 9-15 years in Mbale District, Uganda. BMC Public Health 20, 171
(2020). https://doi.org/10.1186/s12889-020-8302-z

25 Rujumba J, Akugizibwe M, Basta NE, Banura C (2021) Why don’t adolescent girls in a rural Uganda district
initiate or complete routine 2-dose HPV vaccine series: Perspectives of adolescent girls, their caregivers,
healthcare workers, community health workers and teachers. PLoS ONE 16(6): e0253735.
https://doi.org/10.1371/journal.pone.0253735
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identified challenges of vaccine stock outs, poor cold chain capacity, over stretched health-
workforce, mistrust in government intentions, safety concerns and poor social mobilisation.

Nakyita et. al., 2023% reiterated the importance of health-worker endorsement, having found that
found that school girls aged 9-14 years in Lira City northern Uganda, who received a
recommendation for HPV vaccination from health workers had nine odds of receiving the HPV
vaccine compared to their counterparts. The study also found that school girls who were exposed
to outreach clinics were having four odds of receiving HPV vaccine compared to their counterparts.
Similarly, Kisaakye et. al., 2018%” found that there was a 47% higher prevalence of uptake of HPV
vaccine among adolescents who reported that HPV vaccine community outreaches were
conducted in their residences compared to those who reported that the outreaches were not
conducted in their residences.

4 Considerations for switch to single dose HPV schedule
Proponents of the off-label single-dose HPV vaccination option, based on evidence that it provides
comparable and high levels of individual protection, argue that:

1. Asingle-dose HPV vaccination schedule could simplify delivery for key stakeholders,
lower costs, and/or create new programme opportunities with the resources saved.
However, countries should also consider the ability of the HPV programme to reach
specific population subgroups, such as immune-compromised persons who are currently
recommended to receive a multi-dose schedule based on the existing data.

2. Asingle dose likely to be more efficient from a public health perspective (fewer doses per
cervical cancer case prevented), less resource-intensive, and easier to implement than a
multi-dose schedule.

3. However, there are also other key programmatic aspects and risks to consider e.g., how the
introduction of or switch to a single-dose schedule will be perceived by the key
stakeholders and how trust in the immunization programme might change. Another
consideration is the impact on equity (e.g., how a single-dose strategy could impact the
programme’s potential to vaccinate hard-to-reach populations, and whether the HPV
programme will have the capacity to reach immune-compromised girls with a multi-dose
schedule).

4.1 Evidence for Cost effectiveness, and cost saving by switching from two dose to
single dose HPV schedule

4.1.1 Cost savings and cost-effectiveness from single dose

A 2023 costing study conducted by PATH analysed the 2019 HPV vaccination program activities and

cost categories for 66 health facilities in 22 districts in Uganda. The study focused on financial (direct
financial expenditures) and opportunity costs (costs for use of existing resources) and combined to

26 Nakayita, R.M., Benyumiza, D., Nekesa, C. et al. Factors associated with uptake of human papilloma virus
vaccine among school girls aged 9—14 years in Lira City northern Uganda: a cross-sectional study. BMC
Women's Health 23, 362 (2023). https://doi.org/10.1186/s12905-023-02511-z

27 Esther Kisaakye et al. Level and factors associated with uptake of Human papillomavirus infection vaccine
among female adolescents in Lira District, Uganda. Pan African Medical Journal. 2018;31:184. [doi:
10.11604/pamj.2018.31.184.14801]

16


https://doi.org/10.11604/pamj.2018.31.184.14801

derive economic costs (financial + opportunity costs). Results showed that switching to a single dose
cut the costs per fully immunized child by half (see table below).

2dose Idose Comments
Mean costs per Financial $3.32 $3.94  Cost per dose go up under a 1-dose scenario,
dose Economic  $7.58 $7.90 asthe numerator (activities and therefore
costs) are decreasing less significantly than
the denominator (number of doses
delivered).
Mean costs per Financial $6.64 S3.94 Financial costs per fully vaccinated child
fully vaccinated Economic  $15.16  $7.90 decrease while economic costs per fully
child vaccinated child go down.
Financial and economic cost variations for 2 dose and | dose HPV schedules in Uganda.
Source. PATH 2023. HPV Vaccine Cost of Delivery and Operational Context Study. Uganda results

These findings are consistent with results from a modeling study by Burger et. al., 2018% which
found that forty years after initiating routine vaccination and depending on assumptions of vaccine
waning, one-dose HPV vaccination with equivalent coverage (70%) averted 15-16% of cervical
cancer cases versus 21% with two-dose vaccination but required only half the upfront economic
investment. Vaccination with two doses had an attractive cost-effectiveness profile except if one-
dose vaccination enabled higher coverage (90% vs. 70%) and efficacy did not wane. (Note this
study did not consider program costs for increasing coverage nor explicitly considered issues of HIV
co-infection).

4.1.2 Cost effectiveness of adding boys to the immunization program.

Models using the evidence on the effectiveness of a 1-dose schedule on the primary target showed
that under the assumption of at least 20 years’ protection, adding a second dose was not cost-
effective.?°

Focusing on women and girls who are most vulnerable to HPV-associated cancers is an economically
viable strategy in limited-resource settings. Gender-neutral vaccination is economically beneficial
and it provides increased protection for everyone (Ng et al., 2018). Nonetheless, in limited resource
settings, this approach may not be viable. Gavi subsidizes HPV vaccines for females only, focusing on
cervical cancer prevention (Gavi, 2020). As such, even though it would be beneficial to vaccinate
boys, the current evidence does not suggest this will be a sustainable approach for lower income
countries®'.Adding boys to an already successful girls-only programme has a low cost-effectiveness,
as males have high protection through herd immunity.3?

28 Emily A. Burger, Nicole G. Campos, Stephen Sy, Catherine Regan, Jane J. Kim (2018). Health and economic

benefits of single-dose HPV vaccination in a Gavi-eligible country, Vaccine, Volume 36, Issue 32, Part A, 2018,

Pages 4823-4829, ISSN 0264-410X, https://doi.org/10.1016/j.vaccine.2018.04.061.

299 prem K et al. Global impact and cost-effectiveness of one-dose versus two-dose human papillomavirus

vaccination schedules: a comparative modelling analysis. Submitted for publication. (Preprint:

https://www.medrxiv.org/content/10.1101/202

1.02.08.21251186v2, accessed August 2022)

30 Jit M, Laprise JF, Choi YH, Brisson M. Fewer than three doses of HPV vaccine. The Lancet Oncology.

2015;16(9). Available from: https://doi.org/10.1016/s1470-2045(15)00229-6

31 Akumbom, A. M., Lee, J. J., Reynolds, N. R, Thayer, W., Wang, J., & Slade, E. (2022). Cost and effectiveness of

HPV vaccine delivery strategies: A systematic review. Preventive Medicine Reports, 26.

https://doi.org/10.1016/j.pmedr.2022.101734

32 Datta, S., Pink, J., Medley, G.F. et al. Assessing the cost-effectiveness of HPV vaccination strategies for

adolescent girls and boys in the UK. BMC Infect Dis 19, 552 (2019). https://doi.org/10.1186/s12879-019-4108-y
17



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8889236/#b0250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8889236/#b0070
https://doi.org/10.1016/j.vaccine.2018.04.061
https://www.medrxiv.org/content/10.1101/202
https://doi.org/10.1016/s1470-2045(15)00229-6

4.2 Vaccine efficacy, effectiveness, immunogenicity and duration of protection of

two vs.one dose HPV schedule
Waheed ae al., 20233® have summarized the considerations and outputs from the completed and
ongoing trials.

4.2.1 Vaccine mode of operation

HPV vaccines induce a type-specific neutralising antibodies (NAb) response directed to the L1 loop
regions exposed on the HPV capsid surface. Anti-L1 antibodies can reach the cervix via transudation
from the systemic circulation and are postulated to be the primary mechanism of protection against
HPV infection®*. Evidence supports the conclusion that long lived plasma cells (LLPCs) that
continuously produce antigen-specific antibodies, are the key immune effectors that underlie the
strong type-restricted protection induced by the HPV vaccines. This results in exceptionally strong,
consistent, and durable antibody responses to the HPV vaccines. In healthy young women, sero-
conversion rates are virtually 100%, and, after a relatively steep 10-fold drop in titer over the first
two years, IgG titers plateau or decline very slowly, stabilizing at levels that are substantially
higher than the antibody titers induced by natural infection. This pattern of antibody response is
observed even after a single dose of vaccine, with stable geometric mean IgG binding and in vitro
neutralizng titers that are about 4-fold lower than the plateau titers measured after three doses®.

4.2.2 Impact of HIV on sero-conversion and duration of protection

Sero-conversion rates and geometric mean titers elicited by vaccination are lower in People Living
with HIV (PLH) compared to immuno-competent participants, especially in individuals with CD4
counts below 200 cells/mm? and a detectable viral load. Although waning humoral immunity for HPV
seems to be more rapid in this population, there is evidence that suggests that sero-positivity lasts
at least 2-4 years following vaccination®. Tan et al., 2018%” modeled vaccine efficacy for single dose
HPV among HIV imuno-compromised women in South Africa, and showed that the strategy
resulted in similar reductions in HIV + and HIV- populations in different scenarios of coverage and
waning of protection. An ongoing study in South Africa is analyzing HPV one and two-dose
Population Effectiveness (HOPE) among adolescent girls with a sub-population of HIV girls. An
impact survey has been conducted and one dose analysis is in progress®.

33pur-e-Nayab Waheed, F. Ricardo Burdier, Carina Eklund, lacopo Baussano, Filipe Colago Mariz, Laura Téblick,
Nelly Mugo, Deborah Watson-Jones, Margaret Stanley, Marc Baay, Alex Vorsters,2023. An update on one-dose
HPV vaccine studies, immunobridging and humoral immune responses — A meeting report, Preventive
Medicine Reports, Volume 35, 2023, 102368, ISSN 2211-3355,https://doi.org/10.1016/j.pmedr.2023.102368.
(https://www.sciencedirect.com/science/article/pii/S2211335523002590)
34 Mariani, L., Venuti, A. HPV vaccine: an overview of immune response, clinical protection, and new
approaches for the future. J Transl Med 8, 105 (2010). https://doi.org/10.1186/1479-5876-8-105
35 Schiller J, Lowy D. Explanations for the high potency of HPV prophylactic vaccines. Vaccine . 2018;36(32 Pt
A):4768 4773. doi : 10.1016/j.vaccine.2017.12.079.
36 Losada C, Samaha H, Scherer EM, Kazzi B, Khalil L, Ofotokun I, Rouphael N. Efficacy and Durability of Immune
Response after Receipt of HPV Vaccines in People Living with HIV. Vaccines (Basel). 2023 Jun 5;11(6):1067. doi:
10.3390/vaccines11061067. PMID: 37376456; PMCID: PMC10301114.
37 Tan N, Sharma M, Winer R, Galloway D, Rees H, Barnabas RV. Model-estimated effectiveness of single dose
9-valent HPV vaccination for HIV-positive and HIV-negative females in South Africa. Vaccine. 2018 Aug 6;36(32
Pt A):4830-4836. doi: 10.1016/].vaccine.2018.02.023. Epub 2018 Jun 8. PMID: 29891348; PMCID:
PMC6508597.

18



4.2.3 Impact of delayed second dose on efficacy and efficiency outcome

Modelling studies®® show that extending the gap between the doses by up to five years (when the
dose at age 14 years is given to girls irrespective of vaccination status and assuming high vaccination
coverage), resulted in a substantially greater reduction in cervical cancer incidence compared with
the current two-dose schedule (reductions in cervical cancer incidence of 86—93% assuming 70%
coverage). Efficiency of the extended schedule was greater than the two-dose schedule, even with a
drop in vaccination coverage. This is because an extended schedule would provide the opportunity
to vaccinate a greater number of girls with at least one dose and therefore increase the population-
level impact of HPV vaccination.

4.2.4 Imapct of age at vaccination on efficacy and efficiency outcomes

Drolet et. al., 20213 found that routine vaccination of girls aged 9 years with a 5-year extended
interval between doses combined with a catch-up programme for girls aged 14 years was
predicted to provide the same accelerated benefits and long-term population-level effectiveness
as multiple age-cohort vaccination of girls aged 9-14 years in the first year of the programme, but
with fewer vaccine doses required in the short term and lower NNVs (number of doses needed to
prevent one case of cervical cancer - as a measure of efficiency) and Incremental Cost Effectiveness
Rations (ICERs).
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Predicted population-level impact of different two-dose HPV vaccination strategies targeting girls
aged 9-14 years

This study further showed that the long-term population-level effectiveness of routine vaccination of
girls aged 14 years would be 3—4% percentage points lower than routine vaccination of girls aged 9
years in countries such as Nigeria and India, which have a relatively high proportion of girls aged 14
years who are sexually active (15—-25%).

38 Bénard, E., Drolet, M., Laprise, J., Jit, M., Prem, K., Boily, M., & Brisson, M. (2023). Potential benefit of
extended dose schedules of human papillomavirus vaccination in the context of scarce resources and COVID-
19 disruptions in low-income and middle-income countries: A mathematical modelling analysis. The Lancet
Global Health, 11(1), e48-e58. https://doi.org/10.1016/52214-109X(22)00475-2
39 Drolet, M., Laprise, J., Martin, D., Jit, M., Bénard, E., Gingras, G., Boily, M., Alary, M., Baussano, |., Hutubessy,
R., & Brisson, M. (2021). Optimal human papillomavirus vaccination strategies to prevent cervical cancer in
low-income and middle-income countries in the context of limited resources: A mathematical modelling
analysis. The Lancet Infectious Diseases, 21(11), 1598-1610. https://doi.org/10.1016/51473-3099(20)30860-4
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Vaccination strategies that included boys or older women were substantially less efficient and cost
effective than vaccination strategies that included girls aged 9-18 years only. Strategies that
involved vaccinating boys were the least efficient and cost-effective, with number of doses required
to prevent one case of cancer being six to eight times higher than when vaccinating girls and women
up to age 25 years.

4.2.5 Impact of single dose on efficacy, effectiveness and efficiency

In Kenya, a 36 months prospective, double blind, randomized, controlled trial of single dose
HPV vaccination, studied girls and women aged 15-20 years old receiving Cervarix or Gadasil 9
or a control Meningococcal vaccine analysed efficacy of single dose vaccination (2vHPV or
9vHPV) in preventing incident persistent (defined as vaccine type specific HPV detected at two
consecutive time points no less than 4 months apart), HPV 16/18 infections compared to
delayed vaccination, and efficacy of single dose 9vHPV in preventing incident persistent HPV
16/18/31/33/45/52/58 infections compared to delayed vaccination. After 18 months the
single dose was found to highly effective in preventing incident persistent oncogenic

HPV infection (see table below).*°

The efficacy levels were similar to those after multi-dose schedules.

No. of mITT No. of events Incidence/100 VE (%) VE 95% CI
woman years

Delayed vaccination 473 36 6.83 Referent
n=757
Single dose Cervarix 489 1 0.17 97.5 81.6; 99.7
N=760
Single dose Gadasil 9 496 1 0.17 97.5 81.7;99.7
N=758

mITT sero-negative at baseline and HPV-DNA negative at baseline and month 3 for types analysed.
mITT — modified intention to treat

Nonavalent VE for HPV 16/18/31/33/45/52/58 was 88.9% (95% Cl, 68.5 to 96.1; P<0.0001).

4.2.5.1 Durability of protection after single dose.

Review of two RCT studies; A ten year follow up in India following up after an RCT was discontinued
having provided 1, 2, and 3 doses of Gardasil to females aged 10-18 years, and one in Costa Rica
reviewing efficacy of 1, 2, and 3 doses in preventing persistent infection after 9 and 11 years.

A longitudinal cohort study of the India trial showed that after ten years, single dose efficacy was
comparable to multi-dose efficacy (see table below)*

Sample size No of events  Crude attack = Adjusted VE Adjusted VE

rates % point 95% CI
estimate
Unvaccinated 1260 32 2.54 Referent
Single dose 2135 1 0.05 95.4 85.0; 99.9
2 dose (0.6) 1452 1 0.07 93.1 77.3;99.8
3 dose 1460 1 0.07 93.3 77.5;99.7

40 Barnabas R, Brown E, Onono M, et al., 2022 Efficacy of Single-Dose HPV Vaccination among Young African.
NEJM Evidence. 2022. doi : 10.1056/EVID0a2100056.
41 Basu P, Malvi SG, Joshi S, et al. Vaccine efficacy against persistent human papillomavirus (HPV) 16/18
infection at 10 years af ter one, ¢0, and three doses of quadrivalent HPV vaccine in girls in India: a multicentre ,
prospective, cohort study [published correction appears in Lancet Oncol. 2022 Jan;23(1):e16]. Lancet Oncology
.2021;22(11):1518 1529. doi:10.1016/51470 2045(21)00453 8 .
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A Costa Rica trial*? analysed efficacy of Cervarix among women aged 18-25 through long term follow
up for prevalent infections and immunogenicity at Y7, 9 & 11 post vaccination. An analysis of
Geometric Mean Titres (GMTs) 11 (eleven) years after vaccination showed stable antibody levels
for single dose recipients, ten times higher than natural immunity, and three time lower than the 3
dose schedule
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| stable antibody levels for HPV-16 and HPV-18 antibodies up to 11 years post-vaccination several times above natural immunity ‘

Kreimer et al 2015* assessed vaccine efficacy against incident HPV-16/18 infection in the modified
total vaccinated cohort (22 327 received three doses, 1185 two doses, 543 one dose) using data
from the Costa Rica trial as well as data from a trial conducted in Finland analyzing efficacy of
different schedules based on baseline status. They found that the single dose schedule conferred
sterilising immunity (defined as protection not only against clinical disease, but also infection) for
most HPV-16/18 exposures up to four years post vaccination, similar to 2 and 3 doses (see figure
below).
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42 Kreimer AR, Sampson JN, Porras C, et al. Evaluation of Durability of a Single Dose of the Bivalent HPV
Vaccine: The CVT Trial. Journal of the National Cancer Institute. 2020;112(10):1038 1046. d0i:10.1093/ jnci
/djaa011
43 Kreimer AR,Struyf F, Del Rosario Raymundo MR, et al. Efficacy of fewer than three doses of an HPV 16/18
AS04 adjuvanted vaccine: combined analysi s of data from the Costa Rica Vaccine and PATRICIA Trials. Lancet
Oncol .2015;16(7):775 786. doi: 10.1016/51470 2045(15)00047 9 .
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A Dose Reduction Immunobridging and Safety Study (DoRIS) in Tanzania* aimed to determine
whether HPV16 and HPV18 antibody GMCs at 24 months in girls who received one dose in DoRIS
were non-inferior to those of one-dose historical cohorts in the CVT and IARC India studies. The
secondary immuno-bridging objective was to determine whether HPV16 and HPV18 sero-positivity
was non-inferior at 24 months. The study found that for a single dose of HPV vaccine in girls aged
aged 9-14 years, immune responses at 24 months in girls in Tanzania were non-inferior to those in
study populations aged 18-25 years in Costa Rica and 10-18 years in India who received one dose
and in whom one-dose efficacy against persistent HPV infection has been reported. (see fig below).
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Figure: Distribution of HPV16 and HPV18 antibody concentrations at 24 months after a single dose of HPW
vaccine, by study group (total vaccinated cohort)

Each datapoint represents a single individwal and the line throwgh the datapoints indicates the median
concentration, with MR shown by ermor bars, OV T=Costa Rica Vaccine trial. DoRiS=Dose Reduction Immunobridging
and Safety Study. HPV=human papillomavirus. IARC=Institutional Agency for Research on Cancer.

Modeling studies by Prem et. al., 2023* showed that the difference in population benefits of the
one-dose versus two-dose vaccination schedule is small if one dose confers > 30 years of protection
or lifelong protection but at 80% VE (see fig below).

44Baisley et.al., 2022. Comparing one dose of HPV vaccine in girls aged 9—14 years in Tanzania (DoRIS) with one
dose of HPV vaccine in historical cohorts: an immunobridging analysis of a randomized controlled trial
https://www.thelancet.com/action/showPdf?pii=52214-109X%2822%2900306-0

4 prem, K., Choi, Y.H., Bénard, E. et al. Global impact and cost-effectiveness of one-dose versus two-dose
human papillomavirus vaccination schedules: a comparative modelling analysis. BMIC Med 21, 313 (2023).
https://doi.org/10.1186/s12916-023-02988-3
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4.3 Stakeholder perceptions on switch from two dose to single dose HPV
In Sub Saharan Africa, 23 countries had HPV vaccination programs as of October 2022 (see table
below). Of these, only one (Cabo Verde) has achieved 2" dose coverage of 90%.

Table 50: HPV vaccination policies in Africa

Year of
Sex Introduction Hh";i;.-;n pE HPYV coverage HPV coverage
Country E year vaceination — first dose (%) - last dose (%)
coverage
Botswana Female Introduced 2015 2021 22 -
Cabo Verde Female Introduced 2021 2021 = 90
Cameroon Female Introduced 2020 2021 5 20
Cameroon Male Introduced 2020 2021 - -
Cote d'[voire Female Introduced 2019 2021 41 34
Ethiopia Female Introduced 2018 2021 75 86
Gambia Femnale Introduced 2019 2021 30 34
Kenya Female Introduced 2019 2021 44 29
Liberia Female Introduced 2019 2021 30 43
Libya Female Introduced 2013 2021 - -
Malawi Female Introduced 2019 2021 12 14
Mauritania Female Introduced 2021 2021 - 39
Mauritania Male Introduced 2021 2021 - -
Mauritius Female Introduced 2016 2021 bh 78
Mozambique Female Introduced 2021 2021 - LY
Rwanda Female Introduced 2011 2021 73 T8
Senegal Female Introduced 2018 2021 21 39
Seychelles Female Introduced 2014 2021 39 84
South Africa Female Introduced 2014 2021 3 37
Uganda Female Introduced 2015 2021 44 Th
United Republic Female Tniroduced 2018 2021 57 73
of Tanzania
Zambia Female Introduced 2019 2021 33 45
Zimbabwe Female Introduced 2018 2021 40 67

Data accessed on 24 Oct 2022

Y

Source: HPV information Center, 2023. Human Papilloma Virus and related diseases report. AFRICA.
Posted March 2023. https://hpvcentre.net/statistics/reports/XFX.pdf?t=1693919242236
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The following African countries have made the decision for a single dose HPV vaccine schedule:
Burkina Faso, Cameroon, Cabo Verde, Cote d’lvoire, Ethiopia, Lesotho, Malawi, Mozambique, Mali,
Nigeria, Sierra Leone, Tanzania, Togo and Zambia.*®

A few published global reports outline stakeholder concerns on switch from two doses to one dose.

In 2022, the UK Joint Committee on Vaccination and Immunisation (JCVI) conducted a 6 week
stakeholder consultation on the switch from two to one dose HPV and the following concerns were

raised:

Concern

The decision was taken too early as the
evidence is incomplete with no evidence
of duration of protection beyond 12 years

The prime boost paradigm was being
broken; that a prime and boost are
required for this vaccine type

Heavy reliance on models and the
uncertainties associated with that.

One dose has the potential to lead to a
drop in coverage and widen health
inequities

Response

There is strong trial and non-trial evidence that that
1 dose protection was comparable to that from 2
doses, and that the long duration of protection
already seen is associated with a level of antibody
that is steady and it was not biologically plausible
that the anti-body level would suddenly fall in the
next few years after being sustained for more than
ten years. The one dose antibody is associated with
high efficacy against persistent infection of HPV
vaccine types.

The HPV vaccine like particles (VLP) is a very rigid
and stable structure providing a sustained
presentation to the immune system.

There are ongoing trials from which data is
forthcoming. Should the evidence show that one
dose protection was waning in the next ten years (at
which time more than 20 years of follow up would be
available. Switching back to 2 dose routine
vaccination could mitigate losses in cervical cancer
prevention. The committee would undertake
ongoing review of the program which would pick up
any new data that indicated a change was required,
many years before waning was translated into an
increased risk.

Efforts should be made to vaccinate anyone missed
out in the first round. Resources freed up from
reduced vaccinations should be re-directed to
interventions that strengthen program delivery,
increase coverage rates and reduce inequalities.

A strong monitoring program for impact, coverage
and inequalities should be maintained, as well as a
strong surveillance package to monitor the incidence
and prevalence of high risk HPV in the population.

46 Cathy Ndiaye (cndiaye@path.org), Personal Communication on September 27, 2023. UNITAG meeting

proceedings.
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The 12th HPV Prevention and Control meeting*” was held on June 2-3, 2022, in Antwerp, Belgium
also provided an opportunity for stakeholder to debate the potential concerns with the switch to

one dose. The following were highlighted:

Concern

One-dose HPV vaccine performance
being subject to the difference in
background HPV prevalence in the
settings where these trials were
carried out.

Levels of protection elicited by one-
dose HPV vaccination were raised as
a point of concern, specifically with
uncertainties of reduced dose
schedules to allow type-replacement
of oncogenic genotypes

The impact of HPV vaccine—induced
protection among people who will
acquire HIV after being vaccinated
with one dose HPV vaccination

Response

Although the efficacy follow-up in KEN SHE is relatively
short (18 months) and the antibody levels in participants
receiving two or three-dose schedules is considerably
higher across studies, there are suggestions that immune
responses will be stable over time as presented from the
African setting study (DoRIS) in Tanzania. Moreover, in
all presented trials measuring one dose schedule,
immunogenicity reports minimal HPV 16/18 antibody
decay after plateau. Similar observations were presented
in Costa Rica and India, where 10 years of follow-up has
been done. DoRIS data presented during the meeting
showed stable immune response at 3 years after a single
dose of HPV vaccine. This may suggest that regardless of
the number of doses administered, there is a stable long-
lived plasma cells niche produced which continue to
generate antibodies. Results from the HOPE study are
expected to provide insight on the impact and
effectiveness of one-dose HPV vaccination schedule at a
wider level.

For type replacement to take place there needs to be
competition, which is not seen at a lesion level. Although
multiple infections can be found, lesions are known to be
driven by only one genotype. Furthermore,
characterisation of humoral responses following HPV
vaccination have not shown results suggesting type
replacement, in the contrary, the responses have
suggested to be more cross-protective than expected.

Results from the HOPE study, measuring the community-
wide impact of one-dose HPV vaccination, are likely to
provide further insight given the high prevalence of HIV
in South Africa.

A nested qualitative study within the DORIS trial in Tanzania*® asked for participant’s and caregiver’s
opinions regarding the number of doses given. Most girls indicated preference for one dose so as
to avoid pain from multiple jabs, while most caregivers’ indicated that they trusted the

47 Dur-e-Nayab Waheed, F. Ricardo Burdier, Carina Eklund, lacopo Baussano, Filipe Colaco Mariz, Laura Téblick,
Nelly Mugo, Deborah Watson-Jones, Margaret Stanley, Marc Baay, Alex Vorsters. An update on one-dose HPV
vaccine studies, immunobridging and humoral immune responses — A meeting report, Preventive Medicine
Reports, Volume 35, 2023, 102368, ISSN 2211-3355, https://doi.org/10.1016/j.pmedr.2023.102368.

48 K.R. Mitchell, T. Erio, H.S. Whitworth, G. Marwerwe, J. Changalucha, K. Baisley, C.J. Lacey, R. Hayes, S. de
SanJosé, D. Watson-Jones.2021. Does the number of doses matter? A qualitative study of HPV vaccination
acceptability nested in a dose reduction trial in Tanzania, Tumour Virus Research, Volume 12, 2021, 200217,
ISSN 2666-6790, https://doi.org/10.1016/j.tvr.2021.200217.
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doctors/scientist’s recommendation for what would be most protective/efficacious for their
children. Other reasons given for preference of single dose was convenience due to reduced
number of visits, and societal benefit through making the vaccine available to more people. The
study noted a tendency among a few parents/guardians to equate a higher number of doses with
greater protection. Any national vaccination program switching to a lower dose will need to
consider how to address this belief. The study concluded that switching to a single-dose vaccine
would not pose major acceptability issues among those pre-disposed to vaccine uptake.

5 UNITAG conclusions

Having considered the contextual evidence, UNITAG thus concludes:

1. Cervical cancer, mainly caused by HPV, is a public health problem in Uganda. The available
prevention and treatment options, such as early detection through screening and ablative or
incision treatments are currently not being optimally utilized due to a combination of low
community awareness and health system constraints.

2. HPV vaccination program in Uganda has been partially successful, with high coverage rates
for the first dose, but low completion rates for the second dose.

3. Thereis interim efficacy data from settings in low and middle income countries that show
that a single dose of Cervarix and Gardasil HPV vaccines provide comparable protection as
two or three doses in immuno-competent girls and women for at least four years.

4. Switching from a two dose to a one dose schedule for HPV vaccine in immuno-competent
recipients offers significant financial benefits in terms of costs saved per fully immunized
child.

5. A switch from two doses to one dose of HPV vaccine is anticipated to reduce logistical costs
associated with tracking targets for follow up doses and return visits, limiting it to only
immuno-compromised recipients.

6 UNITAG recommendations
Based on the foregoing evidence and conclusions, UNITAG thus recommends:

1. For Immuno-competent girls aged 9-14 years in Uganda, there is sufficient scientific
evidence to support the provision of one dose of Cervarix or Gardasil HPV vaccine, as the
efficacy is comparable to that from two doses and is sufficient to provide protection against
HPV disease. The shift from two doses to one dose would also be cost-saving and cost-
effective for the country.

2. Immuno-compromised girls, including those who are HIV positive, should continue to
receive three, if not at feasible, at least two doses of HPV vaccine. The second and third
doses should be administered at the care clinics.
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Annex: Letter from Ministry of Health to UNITAG on HPV dose optimisation
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Sth April, 2062

The chairperson,
Ugenda Nationsd Immunization ‘Tecanical Advizory Group [UNTTAG)
KAMPALA

REQUEST TO NITAG TO REVIEW THE EXISTING EVIDENCE IN
SUPPORT OF THE SWITCH TO A SINGLE DOSE HPV VACCINE IN 1LINE
WITH THE SAGE RECONMENDATION

In Apl 2022, the convening ol the WELD Strateple Advisory Groug of
Experts en Immrarication (BAGE) evaluuted the ovidence thal has heen
fMerging  over past Years that single dose schediles [or | Lumar
Papillomavirus HPV] Vaccine provide comparabls efficany to the two or
three-dose regimens. SACE's review corcluded that a single-dosc H&Y
vaceine dolivers solid prelectiom against HPV, the wirus that calscs
cervicsl cancer.

More than 95% of cervical cancer is caused by sexually transmitted HPY,
whichy g the fourth most corimon type of caeer 11 woren globally with,
20% 0l these women Jving in low  and middle-inceme countties. This g
aften referred 1o as the ‘siont kiler’ snd anros- ertirely preventahle,
Servita. cancdt is a disease of insguily of access,

The option lor o single dose of “he vacens is less gy, less rasorco
intensive wro easier o adminisier, It faclilates implemaerting vatch-up
campaigns for xaltiple age groups, reduces the challenges lrked to
tracing girls [o- their sccond dose und allows for financal and human
TesouUreEs W be redirecled to olher health priorities.

BAGE recommends updating dose schedides T HPY as ollows:

= One or two-dosze =chedule for the primary largol of girls aged 9-14

* One ar two-dose schedule for voung women aged 15-20

+ Twa deses with & 6-month interval for womer older than 21

+ Three doses for the immurccompromised individu als, including
those with HIV.
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EXECUTIVE SUMMARY

Typhoid is a severe and life-threatening enteric fever caused by the bacterium Salmonella Typhi
(S.Typhi) spread through water or food contaminated with faecal matter. Typhoid symptoms
include prolonged high fever, fatigue, headache, nausea, abdominal pain, and constipation or
diarrhoea. Some patients may have a rash. Severe disease is characterized by febrile illness and,
in very severe cases, gastrointestinal bleeding, altered mental state, intestinal perforation, and can
potentially lead to death. Typhoid symptoms are common to many infections, hence typhoid is
often mistaken for other diseases such as malaria, pneumonia, dengue, or influenza.

The global burden of typhoid is likely underestimated due to limitations with typhoid surveillance
and diagnostic challenges. Typhoid can be confirmed through a blood test. In Uganda, definitive
diagnostic tests for typhoid fever, such as blood culture, are usually unavailable, unaffordable, or
inconsistently applied. Instead, typhoid fever diagnosis and surveillance often rely on clinical
judgment or widal tests, which have poor sensitivity and specificity. The burden of typhoid is
likely underestimated due to limitations with typhoid surveillance and diagnostic challenges.
Studies have estimated that typhoid may be responsible for more than 3 million cases and 33,000
deaths annually in the Africa region, with children under 5 year the most affected (27% of typhoid
fever episodes are estimated to occur in children 0-4 years; including 29.7% of typhoid fever
episodes in the <2 year age). No long term epidemiology figures are available for typhoid in
Uganda. However, three large outbreaks have been recorded over the past 15 years: Two outbreaks
in 2007 and 2009-2012 both in Kasese district, resulted in a combined 1900 infections, with over
800 cases of intestinal perforations and 47 fatalities. The most recent outbreak was in Kampala in
2015, with 10,230 people infected. While recent data shows decreasing incidence of typhoid,
between 2010 and mid-2023, annual recorded episodes of typhoid in children under four years
ranged between 5,125 and 10,214, with annual deaths ranging between 42 -288 children.

Typhoid can be treated with antibiotics. However, antimicrobial resistance is common with
likelihood of more complicated and expensive treatment options required in the most affected
regions. A 2021 survey in Uganda showed that Salmonella had a resistance profile of 24% against
ciprofloxacin, 17% against ceftriaxone, and 4 % against imipemen. Multi-drug resistant (MDR)
typhoid, which is not susceptible to chloramphenicol, ampicillin, cotrimoxazole, fluoroquinolones
and third-generation cephalosporins, makes treatment increasingly difficult. Increasing cases of
drug-resistant (XDR) typhoid, raise concerns about untreatable typhoid in the future.

Typhoid Intestinal Perforations require emergency surgical interventions.

Two polysaccharide typhoid vaccines have been used for many years in older children and adults
at risk of typhoid, including travelers. These vaccines do not provide long-lasting immunity
(requiring repeat or booster doses every three years) and are not approved for children younger
than 2 years old. Advancements in typhoid vaccine research have resulted in development of
typhoid conjugate vaccines (TCV) which have longer-lasting immunity (up to 4 years) than the
older polysaccharide vaccines and can be given as a single dose to children from the age of 6
months .In March 2018, WHO recommended that typhoid endemic countries — and countries with
high rates of drug-resistant typhoid introduce prequalified typhoid conjugate vaccines (TCV) via
catch-up vaccination campaigns for children up to 15 years of age, followed by incorporating TCV



into routine immunization programs as a single dose for infants and children older than 6 months
of age. Currently, two WHO-prequalified TCV products are available for children older than 6
months. TCV can also be co-administered with measles-rubella and yellow fever vaccines at 9
months of age; co-administration of measles-rubella and meningococcal A vaccines at 15 months
of age was found to be safe. More than 56 million children have been vaccinated during Typhoid
Conjugate Vaccine campaigns to date. Pakistan's Sindh Province in November 2019. Liberia,
Zimbabwe, Nepal, and Malawi have recently introduced Typhoid Conjugate Vaccine through
campaigns and routine childhood immunizations. Social studies in the African region on
acceptability show that populations, especially those that have experienced a typhoid outbreak are
generally accepting of the typhoid conjugate vaccines.

Gavi provides support for the nationwide introduction of TCV into the routine immunization
schedule through vaccine co-financing, and a targeted one-time catch-up immunization campaign
children aged 9 months to 15 years based on local typhoid epidemiology. Modeled analysis
predicts that TCV is likely to be cost-effective in countries with high typhoid incidence, high cost
of typhoid treatment, and /or high death rates from typhoid. Modelling studies showed that Uganda
was predicted to experience a 72.39% reduction in typhoid cases in the 10 years after introducing
TCV in routine immunization at 9 months of age, plus a catch-up campaign up to 15 years old.

Having carefully analyzed the evidence above, the UNITAG thus concludes:

i.  Uganda is a typhoid endemic country, with the most vulnerable population groups —
children under five years living in crowded areas with poor sanitation facilities - most
exposed to the risk of infection. The equity challenge is compounded by the same low
income group being less likely to afford high quality typhoid diagnostic services, expensive
antibiotic treatment options in the event of antibiotic resistance, or access to surgical
treatment, in case of severe complications such as intestinal perforations.

ii.  Typhoid conjugate vaccines are safe and immunogenic when administered as a single dose
to children and adults aged between 6 months and 45 years of age. VVaccine administration
possess no significant logistical challenges as vaccine is thermo-stable under temperatures
2-8 9C, can be safely co-administered with vaccines given as a single dose to children at 9
months of age such as Measles-Rubella, Meningitis, and Yellow Fever vaccines, and has
a legacy of community acceptability in the African region.

iii.  Introduction of the typhoid conjugate vaccine in Uganda’s routine immunization program,
starting with a catch up campaign targeting children aged 9 months to 15 years would be
cost effective. Campaigns could be offset through a Gavi campaign grant and a Gavi co-
financing grant could heavily subsidise the vaccine cost for the routine program.

Based on the above conclusion, the UNITAG thus recommends:

i.  The Typhoid Conjugate vaccine be introduced in Uganda’s routine immunization program
as a single dose given to children aged 9 months, beginning with a nationwide catchup
campaign targeting children aged 9 months to 15 years. This will reduce health inequity,
address antimicrobial resistance, and reduce occurrence of typhoid disease outbreaks in
Uganda.
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BACKGROUND

On June 30, 2022, the Ministry of Health, through the Director General of Health Services,
requested the UNITAG’s guidance on the introduction of Typhoid Conjugate Vaccine (TCV) as
part of the routine infant immunization schedule to control Uganda’s typhoid burden, particularly
the alarming rates of drug-resistant typhoid.

In March 2018, WHO recommended the introduction of prequalified Typhoid Conjugate Vaccines
(TCV) in typhoid-endemic countries through routine immunization programs as a single dose for
infants and children over 6 months of age, accompanied by catch-up vaccination campaigns for
children up to 15 years of age, where feasible. In this regard, the Ministry of Health (MoH)
requested the Uganda National Immunization Technical Advisory Group (UNITAG) for guidance
on the introduction of TCV as part of the routine infant immunization schedule to control Uganda’s
typhoid burden, particularly the alarming rates of drug-resistant typhoid.

A. INTRODUCTION
Typhoid is a severe and life-threatening enteric fever caused by the bacterium Salmonella Typhi
(S. Typhi) spread through ingesting contaminated water or food with faecal matter. The disease is
characterized by febrile illness and, in severe cases, gastrointestinal bleeding, altered mental state,
intestinal perforation, and death (WHO 2018).With symptoms common to many infections,
typhoid may often be mistaken for other diseases such as malaria, pneumonia, dengue, or
influenza, and if left untreated, it can cause a variety of short- and long-term complications?.

An estimated 11-20 million people get sick from typhoid every year, and between 128,000 and
161,000 people die from typhoid globally, with poor communities and vulnerable groups,
including children in Asia and sub-Saharan Africa (SSA), being at the highest risk?. Complications
such as septic shock, gastrointestinal haemorrhage, or intestinal perforation can arise when typhoid
fever goes untreated or is improperly treated, resulting in an estimated 1%-4% fatality with and
10%-20% without treatment®*. While antibiotics are vital to the treatment of typhoid, antibiotic-
resistant pathogens have become increasingly prevalent®.

Take on Typhoid underscores improved water quality, sanitation, and hygiene (WASH) as the
major ways to break the typhoid transmission cycle in the long term. However, current trends of
drug resistance, urbanization associated with overcrowded populations, inadequate water and
sanitation systems, and climate change have the potential to heighten the global burden of typhoid®.

! Typhoid fact sheet, June 2020 https://www.coalitionagainsttyphoid.org/wp-content/uploads/2020/07/Typhoid-
fact-sheet_June-2020.pdf.

2 WHO: Typhoid Disease https://www.who.int/health-topics/typhoid#tab=tab 1 Accessed on 15 September 2022
3 Marchello, C.S., Birkhold, M. and Crump, J.A., 2020. Complications and mortality of typhoid fever: a global
systematic review and meta-analysis. Journal of Infection, 81(6), pp.902-910.

4 Crump, J.A., Luby, S.P. and Mintz, E.D., 2004. The global burden of typhoid fever. Bulletin of the World Health
Organization, 82(5), pp.346-353.

5 Klemm, E.J., et al. 2018. Emergence of an extensively drug-resistant Salmonella enterica serovar Typhi clone
harboring a promiscuous plasmid encoding resistance to fluoroquinolones and third-generation

cephalosporins. MBio, 9(1), pp.e00105-18.

5 PATH Typhoid fever: A past, present, and future threat, June 04, 2018 https://www.path.org/articles/typhoid-
fever-past-present-and-future-threat/ Accessed on 10 September 2022



https://www.who.int/health-topics/typhoid#tab=tab_1
https://www.path.org/articles/typhoid-fever-past-present-and-future-threat/
https://www.path.org/articles/typhoid-fever-past-present-and-future-threat/

Hence, WHO recommends typhoid vaccination as a control strategy, emphasizing that until
investments in improving WASH can be made in all countries, vaccination is an important and
effective way to prevent the disease’.

Table 1: PICO framework for TCV introduction in Uganda’s routine immunization
rogram
Broad Question: Should TCV be introduced into Uganda's routine immunization schedule?
Specific “PICO” Question: Should a single dose of TCV be recommended for routine use in
infants and children between 6 months to 15 years of age in Uganda?
Population - Infants and children from 6 months of age to 15 years
Intervention — (i) TCV to all infants at 9 months of age in EPI routine delivery
(ii) A one-off TCV campaign to all children 9 months to 15 years of age.
Comparator - (i) Antibiotic treatment (typhoid intervention in place without vaccination)
(i) Surgical Interventions for the poorly or untreated typhoid and sometimes
death
(iii) Intensify WASH programs
Outcome  —typhoid fever (blood culture-confirmed), antimicrobial resistance, mortality

B. SUMMARY OF EVIDENCE CONSIDERED

1. DISEASE CONSIDERATIONS

i.  Global and Regional Burden of Typhoid Disease
)} Typhoid fever
Typhoid fever is a substantial public health issue that disproportionately affects children and low-
income populations in Asia and sub-Saharan Africa (SSA). In 2019, typhoid fever was responsible
for more than 9 million infections, 110,000 attributable deaths, and 8 million disability-adjusted
life years (DALYS) globally with an estimated 12.1% of the global cases in SSA8. Due to
improvements in water and sanitation infrastructure, typhoid fever has mostly been eliminated in
high-income countries®.

A systematic review by Kim et al (2019) found that the largest number of outbreaks between 1989
and 2018 occurred in WHO African region'®. Results showed that at least one episode of culture-
confirmed typhoid fever was reported in 42 of 57 African countries during 1900-2018 and
the number of reports on typhoid fever had increased over time in Africa and highly heterogeneous
between countries over time. This study also found that typhoid fever outbreaks were reported in
15 countries, with their frequency and size increasing over time. Indeed, the African region has

7 WHO position paper, Typhoid vaccines, March 2018

8 Institute for Health Metrics and Evaluation (IHME). Global Burden of Disease Study. The Lancet. 2020 Oct
17;396(10258):1129-306.

9 Phillips, M.T., et al., 2020. Changes in historical typhoid transmission across 16 US cities, 1889-1931: Quantifying
the impact of investments in water and sewer infrastructures. PLoS neglected tropical diseases, 14(3), p.e0008048.
0 Kim, J.H., et al., 2019. A systematic review of typhoid fever occurrence in Africa. Clinical Infectious

Diseases, 69(Supplement_6), pp.5492-5498.



suffered one of the largest typhoid outbreaks globally over the years as indicated in a systematic
review by Appiah et al., 2020, Specifically, of the 25 countries that reported outbreaks during
this period, 12 (25%) were from the African region with reported typhoid cases as indicated in the
table below. The study further showed a longer median duration of outbreaks caused by multi-
drug resistant (MDR) strains (148 days versus 34 days for susceptible strains), although this
difference was not statistically significant.

Table 2: Locations in the WHO African region where typhoid outbreaks were recorded 2004-
2018

able 1
Characteristics of included publications (= 47)
African
a3 2004-2005 Kinshasa, DR - 144 144 41 (28] IPs 64 (44)
52 2007-J000 Kazeze |lpanda — S77 JEO (57 249 (43 |P= A7 ()
38 2009 Malaw - 03 1027 20 (13) 11 (4)
Mozambique

24 20052012 Kasese, Uganda 0.1% 1,341 - 568 (B)
50 2010-2012 Lusaka, Zambia = 2,040 = =
84 2011-2012 Kikwit, DRC 0.6% 1,430 - 71(5) 17{1.5)
BS 2011-2012 Harare, Zimbabwe - 3,795 - -
53 2014-2015 Moyale, Kenya = 317 = = 2 (0.05)
49 2015 Kampala, Uganda 0.9% 10,230 = =
86 2016 Tigray, Ethiopia = 98 = = 1
57 2016-2017 Harare, Zimbabwe - 260 - = 4 {0.5)
58 2017-2018 Harare, Zimbabwe = 3,378 = =

Source: Appiah, G.D., et al. 2020. Typhoid outbreaks, 1989-2018: implications for prevention and
control. The American journal of tropical medicine and hygiene, 102(6), p.1296.

However, typhoid burden in the region is believed to have been long underestimated largely due
to limitations with typhoid surveillance and diagnostic challenges. Several studies have
estimated typhoid fever as being responsible for more than 3 million cases and 33,000 deaths
annually in the region?. A systematic review and meta-analysis of global typhoid fever incidence
by Marchello et al., (2019) identified variation in the criteria for collecting a blood culture, and
among multiplier studies, identified a lack of standardization for the types of multipliers being

11 Appiah, G.D., et al. 2020. Typhoid outbreaks, 1989—2018: implications for prevention and control. The American
journal of tropical medicine and hygiene, 102(6), p.1296.

12 pjibola, 0., et al., 2018. Typhoid fever diagnosis in endemic countries: a clog in the wheel of

progress? Medicina, 54(2), p.23.



used to estimate incidence®®. In addition, a systematic review by Mogasale et al., (2014) identified
adjusting for risk-factor and updated diagnostic test correction as drivers of differences between
the current estimate and past estimates. They estimated less typhoid cases and deaths in LMICs
after adjusting for water-related risk than when unadjusted for risk!*. It should be noted that
typhoid fever is confirmed by isolation of Salmonella Typhi from bone marrow, blood, or another
site in a patient with compatible illness'®. However, blood culture diagnosis, which is mostly used
in the region was found to have a sensitivity as low as 40%. Overall, more recent studies reported
lower typhoid incidence compared to years prior to 2000.

Furthermore, evidence on invasive salmonella disease incidence in SSA shows that typhoid fever
and invasive non-typhoidal salmonella (Ints) disease are major causes of invasive bacterial febrile
illness in the sampled locations, most commonly affecting children in both low and high population
density settings'’. This standardized, multicountry surveillance study between 2010 and 2014
found that Salmonella typi accounted for 33% or more of all bacterial pathogens at nine sites. The
adjusted incidence rate of Ints and typhoid fever was typically higher in individuals younger than
15 years old than in those aged 15 years or older with MDR Salmonella Typhi isolated in Ghana,
Kenya, and Tanzania, and MDR Ints isolated in Burkina Faso, Ghana, Kenya, and Guinea-Bissau.
Given that typhoid symptoms are similar to many other diseases, including malaria, pneumonia,
influenza, and other febrile illnesses, it is often misdiagnosed demonstrating the need for more
accurate and rapid diagnostic tests.

In 2016, WHO set up an Enteric Fever (EF) Surveillance Pilot Initiative in four countries India,
Bangladesh, Uganda, and Ghana. In Uganda 991 patients were enrolled in the Enteric Fever
Surveillance, 585 males (59.3%) and 401 females (40.7%) with 6 cases with no gender recorded.
The results indicate a modest burden of enteric fever and invasive non-typhoidal Salmonellosis in
children under 15 years of age, with Salmonella Enterica Serovars including Salmonella Typi
identified in children (0.6% for Salmonella Typi and 1.0% for other Serovars of Salmonella
Enterica.)®®.

i) Drug resistant typhoid
Antibiotic resistance is an emerging public health threat worldwide. WHO recommends
chloramphenicol, ampicillin and cotrimoxazole (trimethoprim-sulfamethoxazole),
fluoroquinolones, third generation cephalosporines (ceftriaxone, cefixime) and azithromycin for

13 Marchello, C.S., Hong, C.Y. and Crump, J.A., 2019. Global typhoid fever incidence: a systematic review and meta-
analysis. Clinical Infectious Diseases, 68(Supplement_2), pp.5105-S116.

14 Mogasale, V., et al., 2014. Burden of typhoid fever in low-income and middle-income countries: a systematic,
literature-based update with risk-factor adjustment. The Lancet Global Health, 2(10), pp. e570-e580.

15 Wain J., Hosoglu S. 2008: The laboratory diagnosis of enteric fever, J Infect Dev Ctries, 2008, vol. 2 (pg. 421-5)

16 Gilman R, et al., 1975. Relative efficacy of blood, urine, rectal swab, bone-marrow, and rose-spot cultures for
recovery of Salmonella typhi in typhoid fever, Lancet, 1975, vol. 305 (pg. 1211-3)

7 Marks, F., et al., 2017. Incidence of invasive salmonella disease in sub-Saharan Africa: a multicentre population-
based surveillance study. The Lancet Global Health, 5(3), pp.e310-e323.

8 53ha, S., Islam, M., Uddin, M. J., Saha, S., Das, R. C., Baqui, A. H., ... & Saha, S. K. (2017). Integration of enteric
fever surveillance into the WHO-coordinated Invasive Bacterial-Vaccine Preventable Diseases (IB-VPD) platform: A
low cost approach to track an increasingly important disease. PLoS neglected tropical diseases, 11(10), e0005999.

4



the treatment of enteric fever®®. Although typically treated with antibiotics, increasing MDR
typhoid strains (defined as resistance to three first-line antibiotics used to treat typhoid—
chloramphenicol, ampicillin, and cotrimoxazole)?, have been reported globally?!. Resistance to
antibiotic treatment has been seen since the 1970s, and evidence shows that drug resistance
continues to spread. A systematic review by Park et al (2018) assessing phylogeography and
incidence of MDR typhoid fever in SSA revealed that 129/249 (52%) of all genome sequenced S.
Typhi isolates between 2008 and 2015 in eleven (11) SSA countries were MDR (resistant to
ampicillin, chloramphenicol, and co-trimoxazole)®2. A separate study in 9 sites in 6 African
countries also reported MDR typhoid isolated in Kenya (79%) and Tanzania (89%)23. In Malawi,
92% of isolates analyzed between 2016 and 2018 were identified as MDR?*.

With decades of indiscriminate antibiotic usage, MDR has since evolved to more recently,
extensively drug-resistant (XDR) typhoid (defined as typhoid strains resistant to five classes of
antibiotics: chloramphenicol, ampicillin, cotrimoxazole, fluoroquinolones, and third generation
cephalosporins)?. In November 2016, the first ever recorded outbreak of extensively drug resistant
typhoid fever (XDR-TF), characterized by almost all known antibiotics against the disease
(ampicillin, trimethoprim/sulfamethoxazole, chloramphenicol, fluoroquinolones, and ceftriaxone)
was discovered in Pakistan?®. Since then, sporadic cases of XDR-TF have been reported globally,
thus raising the fear of antibiotic failure at a global level?’. Thus, the increased frequency of
reported typhoid outbreaks and the presence of drug-resistant typhoid call for controlling efforts
of the disease such as vaccines and improved hygiene practices.

Findings from a model by Walker, et al. (2023) assessing the global risk of typhoid outbreaks
caused by extensively drug resistant Salmonella Typhi, using data from the International Air Travel
Association (IATA) looking at air travelers that flew from Pakistan to 200 countries in 2019 found
that of the ten most popular country destinations for international flights from Pakistan, seven are

19 WHO. Vaccines and Biologicals. Background document: The diagnosis, treatment and prevention of typhoid
fever. Geneva: 2003.

207aki, S.A. and Karande, S., 2011. Multidrug-resistant typhoid fever: a review. The Journal of Infection in Developing
Countries, 5(05), pp.324-337.

21 zakir, M., et al., 2021. Emerging Trends of Multidrug-Resistant (MDR) and Extensively Drug-Resistant (XDR)
Salmonella Typhi in a Tertiary Care Hospital of Lahore, Pakistan. Microorganisms, 9(12), p.2484.

22 park., et al.,, 2018. The phylogeography and incidence of multi-drug resistant typhoid fever in sub-Saharan
Africa. Nature communications, 9(1), pp.1-10.

23 Al-Emran, et al., 2016. A multicountry molecular analysis of Salmonella enterica serovar Typhi with reduced
susceptibility to ciprofloxacin in sub-Saharan Africa. Clinical Infectious Diseases, 62(suppl_1), pp.S42-5S46.

24 Meiring, J.E., et al., 2021. Burden of enteric fever at three urban sites in Africa and Asia: a multicentre population-
based study. The Lancet Global Health, 9(12), pp.e1688-e1696.

25 Akram, J., et al., 2020. Extensively drug-resistant (XDR) typhoid: evolution, prevention, and its
management. BioMed Research International, 2020.

%6 Rasheed, M.K., Hasan, S.S. and Ahmed, S.I., 2019. Extensively drug-resistant typhoid fever in Pakistan. The Lancet
Infectious Diseases, 19(3), pp.242-243.

27 Browne, A.J., et al., 2020. Drug-resistant enteric fever worldwide, 1990 to 2018: a systematic review and meta-
analysis. BMC medicine, 18(1), pp.1-22.



known to have imported at least one case of XDR Salmonella Typhi. Uganda was listed among the
top ten typhoid endemic countries at most risk of importing XDR typhoid from Pakistan.?®

i) Typhoid complications

Typhoid intestinal perforations (TIP) is a serious complication from undiagnosed and/or untreated
typhoid that causes mortality and morbidity. TIP cases face long hospital stays and are associated
with the need for safe surgical procedures that may not be available in some facilities. It should
also be noted that many of the surgeries are costly and lead to nutritional deficiencies and other
complications. TIP is observed in an estimated 0.8% to 39% of untreated or improperly treated
cases globally, occurring more often in children, with increased mortality rates when compared to
adults 2°. Although evidence shows that TIP related mortality rates in some endemic areas have
decreased from 30-60% in the 60s and 70s to between 3-13% in the 90s%, data specific to TIP in
children living in SSA are limited. A systematic review by Birkhold et al. (2020) assessing
morbidity and mortality of TIP among children in SSA between 1995-2019 found that current
estimates of mortality related to TIP among children in SSA remain unacceptably high [28]. The
review highlighted that slight progress had been made in reducing TIP-associated mortality over
the past 50 years in SSA with mortality rates ranging from 4.6% to 75% between 1984 to 2018.
From the data available since 2000, 79% of the reported mortality rates were between 10% and
30%. Although these numbers show consistent decline, they are still unacceptably high.

iv) Risk factors of typhoid fever

The risk of transmission of typhoid fever is increased in populations that lack access to safe water
and adequate sanitation, and in the context of poor hygiene among food handlers. Available
evidence shows that there are diverse risk factors for typhoid fever in different settings.

A case-control study by Gauld et al., (2020) assessing domestic river water use and risk of typhoid
fever in Blantyre, Malawi found that use of river water for cooking and cleaning was highly
associated with risk of typhoid fever (OR, 4.6; 95% Cl, 1.7-12.5)*!. Additional risk factors from
this study included protective effects of soap in the household (OR, 0.6; 95% CI, .4—-.98) and >1
water source used in the previous 3 weeks (OR, 3.2; 95% CI, 1.6-6.2). Attendance at school or
other daycare was also identified as a risk factor (OR, 2.7; 95% CI, 1.4-5.3) and was associated
with the highest attributable risk (51.3%).

Additionally, a systematic review and meta-analysis of observational studies by Mogasale et al
(2018), estimating typhoid fever risk associated with lack of access to safe water from 1990 to

28 Walker, J., Chaguza, C., Grubaugh, N. D., Carey, M., Baker, S., Khan, K. ... & Pitzer, V. E. (2023). Assessing the
global risk of typhoid outbreaks caused by extensively drug resistant Salmonella Typhi. Nature Communications,
14(1), 6502.

2% Contini S. 2017. Typhoid intestinal perforation in developing countries: Still unavoidable deaths? World J
Gastroenterol. 2017; 23:1925-1931. doi: 10.3748/wijg. v23.i11.1925.

30 Birkhold, M., et al., 2020. Morbidity and mortality of typhoid intestinal perforation among children in sub-
Saharan Africa 1995-2019: a scoping review. World journal of surgery, 44(9), pp.2892-2902.

31 Gauld, J.S., et al., 2020. Domestic river water use and risk of typhoid fever: results from a case-control study in
Blantyre, Malawi. Clinical Infectious Diseases, 70(7), pp.1278-1284.
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2013, found that the odds of typhoid fever among those exposed to unimproved water as per WHO-
UNICEF’s definition or microbiologically unsafe water ranged from 1.06 to 9.26 with case
weighted mean of 2.44 (95% CI: 1.65-3.59). Additional the study identified street vendors and
food handlers as a significant risk factor for typhoid. The Data reviewed from several countries
identify the consumption of street beverages and food as a high-risk activity for typhoid. Besides
water-related risk, the studies also identified other risk factors related to socioeconomic aspects,
the current climate changes including the increased occurrence of floods, migration, type of food
consumption, knowledge and awareness about typhoid fever, and hygiene practices hence the need
to consider additional interventions such as vaccination®2,

In Uganda, a geographically weighted regression study of typhoid incidences by Ismail et al.,
(2021) revealed that; poor hand-washing practice, excessive rainfall, and poor drainage (floods
effect) were responsible for the spatial variability of typhoid disease locally (P<0.05)%.
Specifically, rainfall, floods, urbanization level, and household size were revealed to have a
positive and significant influence on the occurrence of the disease (P<0.05). Results showed that
average household size yielded a positive significant relationship with typhoid disease (P<0.05)
and excessive rainfall was responsible for most typhoid disease occurrences in the Eastern and
Southwestern parts of the country.

Bottom line messages

a) The burden of typhoid is likely underestimated due to limitations with typhoid
surveillance and diagnostic challenges. Studies have estimated that typhoid may be
responsible for more than 3 million cases and 33,000 deaths annually in the Africa
region.

b) Typhoid is typically treated with antibiotics, yet increasing MDR typhoid strains
(defined as resistance to three first-line antibiotics used to treat typhoid—
chloramphenicol, ampicillin, and cotrimoxazole), have been reported globally and
continue to spread.

c) Further evolution of MDR has resulted in extensively drug-resistant (XDR) typhoid
(defined as typhoid strains resistant to five classes of antibiotics: chloramphenicol,
ampicillin, cotrimoxazole, fluoroquinolones, and third generation cephalosporins).
Increasing rates of XDR drive concerns about untreatable typhoid in the future.

d) Typhoid intestinal perforation (TIP) is a serious complication resulting from
undiagnosed and/or untreated typhoid that causes mortality and morbidity. Patients
with TIP face long hospital stays and often undergo surgical procedures that may not
be available in some facilities.

e) The risk of transmission of typhoid fever is increased in populations that lack access
to safe water and adequate sanitation, and in the context of poor hygiene among food
handlers. Specifically, rainfall, floods, urbanization level and household size were

32 Mogasale, V.V., et al., 2018. Estimating typhoid fever risk associated with lack of access to safe water: a
systematic literature review. Journal of environmental and public health, 2018.

33 Ismail, K., et al., 2021. Spatial Variability of Typhoid Disease Incidences in Uganda Using Geographically Weighted
Regression Approach. International Journal of Health Economics and Policy, 6(2), p.56.
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revealed to have positive and significant influence on the occurrence of the disease in
Uganda.

ii.  Typhoid fever burden in Uganda

The typhoid burden in Uganda remains high (>100 cases per 100,000 person years). The latest
global burden of disease analysis estimates that Uganda had 41,734 typhoid cases (101 cases per
100,000 population) and 635 typhoid deaths in 2019. More than half of the cases and deaths (57%
and 69% respectively) were among children under 15 years of age.>*

Table 3: Typhoid Burden in Uganda for the period 2020-2023

Typhoid Fever 2020 | 2021 2022 2023
Typhoid Fever (Cases) 0-4

Years 6,760 7,948 10,214 5,125
Typhoid Fever (Deaths) O-

4Years 288 114 105 42
Typhoid Fever (Cases) 5-9Years | 43,373 43,283 56,738 29,017
Typhoid Fever (Deaths) 5-

9Years 42 63 102 31
Typhoid Fever 10-19Years

Cases 40,429 51,258 51,424 26,462
Typhoid Fever 20+Years Cases | 122,872 131,215 131,849 68,273
Grand Total 213,764 233,881 250,432 128,950

Source: Ministry of Health (Data Source: 108- HF07a, b, Data Source 105-EP15, Data under 1 year
is not available, Years 2019 and below were very complicated to obtain, Deaths are not reported
for ages 10 years and above).

i) History of typhoid outbreaks in Uganda

Uganda has experienced three major outbreaks in the last 15 years. A systematic review of reports
on typhoid outbreaks from 1989 to 2018 by Appiah et al (2020)%® details the three outbreaks in
Uganda as detailed below:

From December 2007 to July 2009, Uganda experienced the first outbreak in Kasese district with
577 cases. Of these, 289 (57%) were hospitalized, 249 (43%) had intestinal perforations, and 47
were deaths with a case fatality ratio of 9. A report by Neil, et al (2012) on the 2008-2009 typhoid
fever outbreak in Uganda reported that Kasese district hospitals encountered several patients with

34 Institute for Health Metrics and Evaluation (IHME). Global Burden of Disease Study. The Lancet. 2020 Oct
17;396(10258):1129-306.

35 Appiah, G.D., et al. 2020. Typhoid outbreaks, 1989-2018: implications for prevention and control. The American
journal of tropical medicine and hygiene, 102(6), p.1296.
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TIP and an undiagnosed febrile illness®. Of the 11 (8%) suspected TIP cases who sought care at
a health facility, 9 were hospitalized and 3 died, most of whom (52%) were persons aged between
5-19 years. The study estimated typhoid fever incidence in the community at 8,092 cases per
100,000 persons (estimated annual incidence rates ranged from 5,609 to 10,906 suspected cases
per 100 000 persons). According to the report, only 1 of 3 hospitals in Kasese district had any
microbiological culture capacity. It should be noted that since typhoid fever clinically resembles
other febrile illnesses (eg, malaria), it is easily misdiagnosed without laboratory confirmation,
likely resulting in unrecognized outbreaks and underestimation of incidence. In fact, this study
reported that individuals with TIP were significantly more likely to report having taken
antimicrobial (80% vs. 43%, P 5 .04) and antimalarial medications (85% vs. 52%, P 5 .03). The
report further noted that although outbreak control measures were undertaken, the number of new
cases (suspected and confirmed) with complications of TIP continued to rise.

The second outbreak of typhoid fever in Uganda was also recorded in Kasese from 2009 to 2012
where a total of 1,341 cases were reported, including 568 (6%) TIPs, and a 0.1% incidence
proportion. Molecular and epidemiological evidence from a study by Walters et al (2014) suggests
that during the prolonged outbreak, typhoid spread from Kasese to Bundibugyo with a prevalence
of MDR strains®’. According to this study, a total of 1,042 cases were identified among Kasese
and Bundibugyo residents between August 2009 to December 2011 with TIP reported for 507
(82%) and 59 (20%) of Kasese and Bundibugyo cases, respectively. In addition, antimicrobial
susceptibility was assessed for 18 isolates, among which, 15 (83%) were MDR, compared to 5%
of 2009 isolates. Chloramphenicol was the only antibiotic specifically associated with TIP hence
related to the widespread chloramphenicol resistance among the outbreak strains. The study
recommended that lasting interventions, such as typhoid vaccination and improvements in
drinking water infrastructure, should be considered to minimize the risk of prolonged outbreaks in
the future.

In 2015, Uganda reported its third typhoid outbreak in Kampala city, with a total of 10,230 cases
at an incidence proportion of 0.9%. The high disease burden was measured from suspected cases
and incidence due to typhoid outbreaks. A study by Kabwama et al (2017) investigating the large
and persistent outbreak of typhoid fever in Kampala from January 2015 to June 2015 found that
56 (15%) of blood samples collected from 364 patients yielded S. enterica ser. Typhi (S. Typhi)
with 88 TIP cases identified. Similarly, environmental investigations revealed water and juice
samples sold on the streets exhibiting evidence of fecal contamination®. The study estimated that
the outbreak may have started earlier than January 2015 given that routine clinical and laboratory
surveillance systems for typhoid fever were not in place before the investigation started in

36 Neil et al., 2012. A Large Outbreak of Typhoid Fever Associated With a High Rate of Intestinal Perforation in Kasese
District, Uganda, 2008-2009, Clinical Infectious Diseases, Volume 54, Issue 8, 15 April 2012, Pages 1091-
1099, https://doi.org/10.1093/cid/cis025

37 Walters, M.S., et al., 2014. Shifts in geographic distribution and antimicrobial resistance during a prolonged
typhoid fever outbreak—Bundibugyo and Kasese Districts, Uganda, 2009-2011. PLoS Neglected Tropical
Diseases, 8(3), p.e2726.

38 Kabwama S. N., et al., 2017. "A large and persistent outbreak of typhoid fever caused by consuming contaminated
water and street-vended beverages: Kampala, Uganda, January —June 2015." BMC Public Health17 (1): 23.
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February 2015. Indeed, a study by Atuyambe et al (2020) assessing the spread of typhoid fever in
Kampala City, Uganda, confirmed that inadequate disease surveillance and delay in diagnosis and
treatment of cases were the main factors that led to this outbreak®®.

Just like in many other LMICs, definitive diagnostic tests for typhoid fever, such as blood culture
are usually unavailable, unaffordable, or inconsistently applied in Uganda. Instead, typhoid fever
diagnosis and surveillance often rely on clinical jJudgment or Widal test, which has poor sensitivity
and specificity*®. As such, an evaluation of typhoid over diagnosis and reporting in Uganda by
Kusiima et al. (2016) confirmed that of the 1,025 extracted records of patients treated for typhoid
in Nakaseke district, 19% (192) had a positive Widal test as the supporting laboratory evidence
against 81.2% that were clinical diagnoses*!. The study also reported that none of the facilities in
the district were able to conduct blood culture and sensitivity tests; hence all suspected typhoid
diagnoses in the district were based on clinical symptoms and high typhoid O titers (antigen O >
160).

i) Typhoid burden in Ugandan children

Typhoid burden in Uganda weighs heavily on children, including those who are school aged.
Laboratory culture samples reviewed by PATH at the Central Public Health Laboratories (CPHL),
Mulago National Referral Hospital, and Arua Regional Referral Hospital between 2015 and 2021
as illustrated in the figure below show that 204 of 237 typhoid culture samples had ages
documented*?. Of those with ages documented, 140 (69%) were children younger than 15 years
old. It should be noted that school-going children falling ill translates into children missing school,
and parents/ guardians missing work to care for the sick children.

39 Atuyambe, L., Atusingwize, E. and Kayemba, C.N., 2020. “The Underground Water Sources were Contaminated” A
Qualitative Assessment of the Spread of Typhoid Fever in Kampala City, Uganda.

40 Keddy KH, Sooka A, Letsoalo ME, Hoyland G, Chaignat CL, Morrissey AB, et al. Sensitivity and specificity of typhoid
fever rapid antibody tests for laboratory diagnosis at two sub-Saharan African sites. Bull World Health Organ.
2011;89(9):640-7.

41 Kusiima, J., Ikoona, E., Kadobera, D., & Ario, A. R. Typhoid over diagnosis and reporting in Nakaseke District,
Uganda, 2016. Abstract in the 10th International Conference on Typhoid & Other Invasive Salmonelloses. April 4-6,
2017 Kampala Uganda

42 A presentation to UNITAG Working Group on Typhoid burden in Uganda by the PATH Consultant gathering Typhoid
data in Uganda on June 15,2023
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Figure 1: Typhoid culture samples analyzed at the 3 sites in Uganda from 2015 to 2021
Typhoid culture samples analyzed at 3 sites
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Source: Presentation slide on Typhoid burden in Uganda by PATH on June 15, 2023

iii) Incidence and prevalence of typhoid fever and its complications in Uganda

Over 80% of Ugandan districts are endemic for typhoid, largely attributable to a lack of reliable
disease surveillance support. A retrospective study by Mirembe et al., (2019) revealed a total of
210,204 cases reported in this period with an incidence rate of approx. 160 cases per 100,000
persons at national level and 60 cases per 100,000 persons per year at district level, predominantly
in urban areas*. The study utilized national and district level data from 2013 to 2016 assessing
temporal, spatial and household dynamics of typhoid fever in Uganda and found that Bwera sub-
county in Kasese district had the highest incidence rate, followed by Kisinga, Kitholhu and
Nyakiyumbu sub-counties. While the study established that the outbreaks were preceded by
precipitation, flooding and displacement of people, it also identified areas with high incidence of
typhoid fever to have had high environmental contamination with limited water treatment. The S.
Typhi isolated during the study were found to be resistant to more antibiotics than isolates obtained
from Kasese district in 20009.

Similarly, an assessment of spatio-temporal trends and distribution patterns of typhoid disease in
Uganda from 2012 to 2017 by Ismail et al. (2020) found spatio clusters for both years in the central
region, followed by western and eastern regions, with the northern region having the least
disease*. The study identified rainy seasons and poor drainage systems as the main risk factors
for the disease. This coincides with evidence from the PATH report on typhoid burden in Uganda
following a review of the district health information system (DHIS2) data that showed an increase
in suspected typhoid cases by more than 100% in Luwero, 87% in Wakiso and 29% in Kampala

43 Mirembe, B.B., Mazeri, S., Callaby, R., Nyakarahuka, L., Kankya, C. and Muwonge, A., 2019. Temporal, spatial and
household dynamics of Typhoid fever in Kasese district, Uganda. Plos one, 14(4), p.e0214650.

4 Ismail, K., et al., 2020. Spatio-temporal trends and distribution patterns of typhoid disease in Uganda from 2012
to 2017. Geospatial health, 15(2).
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districts, though declined by 95% in Arua district between 2016 and 2021 as shown in the figure
below.

Figure 2: Suspected Typhoid cases at the national level and in four districts 2015 and 2021
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Source: Presentation slide on Typhoid burden in Uganda by PATH on June 15, 2023

In addition, findings from the PATH evaluation of typhoid burden in Uganda showed an overall
increase in TIP cases in 2021. According to the data, there was a noted increase of TIP cases in
Arua (26%) and Kiruddu Hospital (10-fold increase) between 2020 and 2021. The report further
showed a double of TIP cases in Bishop Ceazer Memorial Hospital during this time. Increased TIP
cases indicate severe typhoid presentation (in advanced stages) and may signal a higher typhoid
burden. Likewise, the report highlighted health system challenges contributing to the typhoid
burden in Uganda. According to the report, informal interviews with health workers in one facility
revealed that they refer surgical cases to a private facility due to inadequate infrastructure. The
respondents reported that not all referrals could access services at the private facility due to cost
limitations. It was also emphasized that none of the facilities performed culture tests for TIP cases.

Further to note, evidence from an assessment of modifiable risk factors for TIP for the period
2013-2015 by Bulage et al. (2015) estimated the risk of TIP at 6.6 per 1,000 suspected typhoid
infections (68/10,230) with a case-fatality rate of 10% (7/68)*. The study established that, of the
45 cases that sought treatment for the infection, only 42% (19/45) sought treatment 4-9 days after

45 A presentation to UNITAG Working Group on Typhoid burden in Uganda by the PATH Consultant gathering
Typhoid data in Uganda on August 12, 2022

6 Bulage, L., et al., 2017. Modifiable risk factors for typhoid intestinal perforations during a large outbreak of
typhoid fever, Kampala Uganda, 2015. BMC Infectious Diseases, 17(1), pp.1-7.
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illness onset (ORadj = 2.2, 95%CI = 0.83-5.8), while 29% (13/45) sought treatment >10 days after
onset (ORagj = 11, 95%CI = 1.9-61). Moreover, 68% (96/141) of the cases that had received
treatment got it before being treated at the treatment centre (ORagj = 9.0, 95%CI = 1.1-78). Hence,
the study concluded that delay in seeking treatment increased the risk of TIPs.

iv) Drug-resistant typhoid in Uganda

Similar to global and regional findings, evidence from several studies shows increasing MDR in
Uganda. An AMR bulletin (July to September 2021) by the Uganda National One Health Platform
(UNOHP) reporting Ministry of Health data from selected surveillance sites for the period between
October 2018 and December 2020 indicated that different commonly used antibiotics such as
Ciprofloxacin and Cefoxitin are experiencing high degrees of resistance*’ as shown in the figure
4. In addition, evidence from several studies details the extent of drug-resistant typhoid in Uganda
over the years, as summarized in the table 4.

Figure 3: Resistance Profiles from selected surveillance sites

Resistance profiles from selected surveillance sites

Salmonella

* ciprofloxacin 24%, 952 C1 (17.3-32..\
« ceftriaxone 17%, 959% ClI (11.1-26.0)

* imipenem 4%, 95% CI (1.2-10.1)

= E. coli
= ciprofloxacin: 5226, 95% C1 (47.5-56.5)
~ ceftriaxone: $3%, 95% CI (46.8-58.5)
imipenem: 19%, 95% CI (14.9-23.4)

= S. aureus
= cefoxitin: 43%, 95% C1 (28-59.1)
= oxacillin 31%, 95% C1(21.2-42.6)
« TMP/SMX 779, 95% CI (69.0-83.2)
= vancomycin 16%, 95% (9.6-24.0).

= K. pneumoniae
= cprofloxacin 54%, 95% C1 (43.0-63.7)
» ceftriaxone 65%, 95% CI (43.3-81.9)
= imipenem 24%, 95% C1 (10.6-45.1)

Table 4: Extent of drug-resistant typhoid in Uganda 2012-2017

Year | location Period of | No.of No. of | Resistance identified
study Salmonella | confirmed MDR
typhi (%)
isolates
Neil 2012 | Kasese 2008- 21 16 (76%) ampicillin,  streptomycin,  sulfisoxazole,
34* 2009 tetracycline, and cotrimoxazole, but were
susceptible to chloramphenicol
Walters 2014 | Kasese, 2009- 18 15 (83%) Chloramphenicol
35* Bundibugyo | 2011
Kabwama 2017 | Kampala Jan-Jun 30 5 ampicillin, chloramphenicol, streptomycin,
36* 2015 sulfisoxazole, nalidixic acid, trimethoprim/
sulfamethoxazole with intermediate
interpretation to ciprofloxacin)

47 Uganda National One Health Platform: Anti-Microbial Resistance: AMR Bulletin Volume 01, July-September
2021. file:///C:/Users/UNAS/Downloads/AMR%20Bulletin%20Volume%200ne%20(1).pdf
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to ciprofloxacin.

Nakintu* 2017 | Makerere Aug 2012 | 24 16 ampicillin,cotrimazole, chloramphenicol,
University —Jul 2016 nalidixic acid
Clinical
Microbiology
Lab
Kajumbula | 2018 | Mulago Jun 2013 - | 5 typhoidal 3 >3 different antimicrobial classes
N.R.H Oct 2014
12 non- | 6
typhoidal
2021 | Apac, Jinja, | 2016- 14 10 (71%) decreased susceptibility to ciprofloxacin
Kabale, 2019
Mubende,
Tororo

This evidence coincides with the global and regional findings on the increasing risk of MDR. It
should be noted that resistance to first-line and alternative drugs poses challenges such as
narrowing spectrum antibiotic classes, altered empiric therapy regimens, and the use of
agents with reduced efficacy and increased toxicity®.

V) Economic burden of typhoid

Typhoid likely imposes an economic burden in Uganda. A cost effectiveness study conducted in
Kabale district reported a mean outpatient cost of US$34 per case of typhoid and US$76 for
hospitalized patients®!.Similarly in another study conducted in Kasese, Uganda using ViCPS
during the 2008-2011 epidemic outbreak of typhoid found the cost of outpatient visit was US$4.30,
while the case costs for hospitalized patients was US $58.10 for individuals without Intestinal
perforation (IP) and US$155.60 for patients with intestinal perforations. In a similar study
conducted in Pemba Zanzibar in Tanzania reported an average cost per typhoid episode of
US$154.47%2, Data from a costing cohort study estimating the economic burden of typhoid in
children and adults in Blantyre, Malawi, showed that typhoid fever caused significant direct non-
medical expenses and income loss that were catastrophic for a large proportion of households

48 Robinah Christine Nakintu, Henry Kyobe Bosa, Daniel K. Bulwadda, Paul Katongole, Christine Najjuka, Henry
Kajumbula. Earliest Evidence of Multidrug Antibiotic Resistant Non-Typhoidal Salmonella Spp. (Ints) In Uganda:
Abstract in the 10th International Conference on Typhoid & Other Invasive Salmonelloses. April 4—-6, 2017 Kampala
Uganda

4 Appiah, G.D., et al., 2021. Salmonella Bloodstream Infections in Hospitalized Children with Acute Febrile Iliness-
Uganda, 2016-2019. The American Journal of Tropical Medicine and Hygiene.

50 Fair RJ, Tor Y. Antibiotics and bacterial resistance in the 21st century. Perspect Medicine Chem. 2014 Aug
28;6:25-64. doi: 10.4137/PMC.S14459. PMID: 25232278; PMCID: PMC4159373.

51 Odulusi D,2018.Cost Effectiveness Analysis of Typhoid Fever Vaccination in an Endemic District of Kabale,Uganda
52Rjewpaiboon A, et al., (2014). Cost of illness due to typhoid fever in Pemba, Zanzibar, East Africa. Journal of
Health, Population and Nutrition. 2014;32(3):377-385
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despite accessible free medical care®. The study recruited 109 participants, including 44 (40%)
admitted inpatients, 65 (60%) outpatients at a mean age of 14 years (SD 11.6), with 58% younger
than 15 years. The study established significant costs to the health care provider, including mean
cost of inpatient healthcare at $296.52 (225.79, 367.25) and mean cost of outpatient healthcare
at $39.67 (33.96, 45.39). In 48 (44%) households considered, total costs of illness exceeded 40%
of reported monthly non-food expenditure rendering them catastrophic costs. However, the study
relied on self-reported income and expenditure.

Bottom line message:

f) Typhoid burden in Uganda remains high. The country has experienced three major
outbreaks in the last 15 years. Typhoid fever clinically resembles other febrile
illnesses (eg, malaria), meaning it is easily misdiagnosed without laboratory
confirmation, likely resulting in inappropriate treatment recommendations,
unrecognized outbreaks, and underestimation of incidence.

g) In Uganda, definitive diagnostic tests for typhoid fever, such as blood culture, are
usually unavailable, unaffordable, or inconsistently applied. Instead, typhoid fever
diagnosis and surveillance often rely on clinical judgment or Widal test, which has
poor sensitivity and specificity.

h) Typhoid burden in Uganda weighs heavily on children, including school-aged
children. Laboratory culture samples collected between 2015 and 2021 show that of
204 typhoid culture samples that had ages documented, 140 (69%) were children
younger than 15 years old.

i) Typhoid likely imposes an economic burden in Uganda. Results from a cost
effectiveness analysis conducted in Kabale reported a mean outpatient cost of $34 per
case of typhoid and $76 for hospitalized patients. Analyses from Malawi found that
the inpatient healthcare costs $296.52(225.79, 367.25) for a typhoid case and mean
cost of outpatient healthcare costs $39.67.

iii.  Typhoid fever prevention and control measures in Uganda
Typhoid risk is higher in populations that lack access to safe water and adequate sanitation. Safe
water, sanitation, and hygiene (WASH) interventions are critical to preventing the spread of
typhoid®. A study by Atuyambe et al. (2020) assessing the spread of typhoid fever in Kampala
City, Uganda, established that in addition to the prolonged dry season, inadequate disease
surveillance and delay in diagnosis and treatment of cases, poor personal and food hygiene,
contaminated water sources, consumption of unsafe beverages were the main factors that led to

53 Limani, F., et al., 2021. Estimating the economic burden of typhoid in children and adults in Blantyre, Malawi: a
costing cohort study (Unpublished). Accessible at https://assets.researchsquare.com/files/rs-
1214074/v1/6ba67f9a-ddab-43c6-9bff-c7f6f1b9bb44.pdf?c=1641563956

54 WHO: Key facts on Typhoid: https://www.who.int/news-room/fact-
sheets/detail/typhoid#:~:text=Key%20facts,die%20from%20it%20every%20year. Accessed on 20 September 2022
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the outbreak in 2015%. Incidentally, evidence from several other studies assessing the three major
outbreaks in Uganda coincides with the findings above, as summarized in the table below:

Table 5: Status of WASH in sites with Typhoid outbreaks in Uganda 2014-2020

First Author Year Location Period WAGSH status

Ismail 2020 Uganda 2012-2017 Poor drainage

Mirembe 2019 Kasese, 2013-2016 Drinking water in both districts was fecally contaminated

41* Bundibugyo and the likely vehicle for the outbreaks.

Kabwama 2017 Kampala Jan-Jun 2015 | Water and juice samples sold on the streets exhibited

36* evidence of faecal contamination.

Murphy?®® 2017 Kampala 2015-2016 Salmonella spp. was detected in samples from two
unprotected springs; one protected spring, and one refilled
water bottle, suggestive of the fact that unregulated
vended water and groundwater represented a risk for
typhoid transmission.

Oguttu®’ 2017 Kampala Jan 2015 heavy fecal contamination in locally made drinks and
underground water

Walters 2014 Kasese and | 2009-2011 E. coli detected in all the water samples: 6 drinking water

35* Bundibugyo taps and 2 surface water sources in Kasese; 2 drinking
water taps and 1 surface water source in Bundibugyo.

It should be noted that Uganda faces enormous gaps between communities regarding sanitation
and the prevention of typhoid spread. Uganda National Household survey revealed that up to 21%
of households did not have access to improved sources of drinking water®®, According to the
survey, households in urban settings are more likely (92.3%) to have improved water sources than
rural households (74.9%). However, 72.2% of urban households pay for water, compared to 31.4%
in rural settings. This means that water costs may influence households to seek less expensive,
unimproved water sources, thereby increasing their risk of contracting typhoid.

In addition, the Annual Heath Sector Performance Report 2020/21 shows a 72:1 pupil toilet stance
ratio compared to the standard of 45:1 for day schools and 25:1 for boarding schools. Likewise,
hand washing coverage at schools was measured at 57%, which puts schools at risk of typhoid
transmission. The report further showed that 7% of households in Uganda used unimproved or no
toilet facilities, including 35% of households in the severely affected Peace and Recovery
Development Plan (PRDP) districts, which are mainly affected by conflicts or the spillover effects
of conflict (including refugee settlements).

55 Atuyambe, L., Atusingwize, E. and Kayemba, C.N., 2020. “The Underground Water Sources were Contaminated”
A Qualitative Assessment of the Spread of Typhoid Fever in Kampala City, Uganda.

5 Murphy, J.L., et al., 2017. Environmental survey of drinking water sources in Kampala, Uganda, during a typhoid
fever outbreak. Applied and Environmental Microbiology, 83(23), pp.e01706-17.

*Already referenced above

57 David Oguttu. Typhoid Outbreak Caused by Drinks Made from Contaminated Underground Water Sources in
Kampala, Uganda, January-March, 2015. Abstract in the 10th International Conference on Typhoid & Other Invasive
Salmonelloses. April 4—6, 2017 Kampala Uganda

58 Uganda Bureau of Statistics (UBOS): Uganda National Household Survey (UNHS) 2019/ 2020
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Sampled Wash Data from major surveys in Uganda

Findings from the UNHS 2019/2020 report indicate urban households have improved sources of
drinking water(91.3%) compared to three-quarters of the households in rural areas(75%). Among
the sub—regions nearly all households in Kampala had the highest percentage of households that
used improved drinking water sources (99%) while Ankole had the lowest. There were minimal
variations in the percentage of households using improved sources in the 2016/2017 and

2019/2020 survey reports.>

Table 6: Distribution of Households by Drinking water source and selected background

characteristics UNHS Survey Results

201617 2019/20
Characteristic Water source Water source Total
Improved Unimproved Tota Improved Unimproved
Sex of Head
Male 739 211 100 775 225 100
Female 820 180 100 801 199 100
Residence
Rural 749 251 100 753 4.7 100
Urban 923 77 100 913 87 100
Sub-Region
Kampala 96 4 36 100 988 12 100
Buganda South 195 245 100 729 211 100
Buganda North 755 245 100 751 249 100
Busoga 934 6.6 100 927 13 100
Bukedi 904 96 100 957 43 100
Elgon 84.1 159 100 862 138 100
Teso 901 99 100 957 43 100
Karamoja 92 8 100 836 16.4 100
Lango 86.3 137 100 911 89 100
Acholi 745 255 100 809 191 100
West Nile 833 16.7 100 a7 13 100
Bunyoro 7 23 100 724 276 100
Tooro 62.5 315 100 605 39.5 100
Ankole 619 381 100 546 454 100
Kigezi 751 249 1001 598 402 100

Source Uganda National Household Survey Report 2019/2020

%9 *Already referenced*
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Figure 4: Households by type of toilet facilities used from 2012-13 to 2019/20(%bo)
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Source Uganda National Household Survey Report 2019/2020

The proportion of households that used pit latrines remained the same between 2012/13 and
2019/20(83%). There was a slight decrease in the percentage of households that used VIP latrines
from 8% in 2016/17 to 6.2% in 2019/20. There was minimal change in the proportion of
households that used bushes/did not use any type of toilet facility between the two surveys
(2016/17&2019/20).

Table 7: PMA 2021 Survey Results: Use of Sanitation Facilities

Improved 66.9 29.9 36.0
Sewer connection 3.6 0.2 0.8
Septic tanks 6.6 0.2 1.3
Other 56.6 29.5 34.0
Open defecation 0.7 6.7 5.7

Table 8: PMA 2020: Use of Sanitation Facilities

Improved 68.6 26.7 35.7
Sewer connection 3.6 0.1 0.8
Septic tanks 5.2 0.7 1.6
Other 59.8 26.0 333
Open defecation 3.3 9.0 7.8

Source: Joint Monitoring Programme for Water supply, sanitation and hygiene

Findings from the Performance Monitoring for Action (PMA) 2021 survey results indicate
66.9% of urban areas had improved facility type and the rural areas with 29.9%, and a national
average of 36.0%. Facilities with a sewer connection in urban areas were 6.6%, with rural areas
standing at 0.2%, and a national average of 1.3%. Overall there was a reduction in open
defecation from a national average of 7.8% in 2020 to 5.7% in 2021. There were minimal
variations in survey results for 2020 and 2021.
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Table 9: Access to drinking water using Population Figures

Time Population(1000s) | Improved | At least Limited Unimproved | Surface
period Source water basic(improved | (improved> | water water
UN Population within 30 mins) | 30mins
Division
2020 44405 82.3 56.0 26.3 12.4 53
2021 45854 83.3 57.6 25.6 11.9 4.9
2022 47250 84.2 59.3 24.9 11.3 4.5

Source: Joint Monitoring Programme for Water supply, sanitation and hygiene
Bottom line messages:

J) Typhoid risk is higher in populations that lack access to safe water and adequate
sanitation. Safe water, sanitation, and hygiene (WASH) interventions are critical to
preventing the spread of typhoid.

k) The prolonged dry season, inadequate disease surveillance, and delays in diagnosis
and treatment of cases, poor personal and food hygiene, contaminated water sources,
and consumption of unsafe beverages were the main factors that led to the outbreak
in 2015 in Uganda.

I) Hand washing coverage at schools was measured at 57% in Uganda, which puts
schools at risk of typhoid transmission.

iv.  Current status of typhoid surveillance in Uganda

Findings from a survey on typhoid burden in Uganda by PATH, 2022, emphasized the challenges
associated with diagnostics and documenting typhoid data®. First, the available data collection
tools provided limited options to document culture result outcomes. As a result, health workers
broadly group ‘typhoid’ among other diseases or record typhoid under causes of illness. It was
also noted that most facilities' access to blood cultures was limited, thereby leaving health workers
to depend on clinical diagnosis. In addition, the survey revealed a limited capacity to conduct blood
culture and sensitivity analysis at most health facilities. The report showed that among the
available culture samples evaluated, 45% were not serotyped. This limits the opportunity to
localize or determine the actual cause of an outbreak. The report further highlighted gaps in the
national surveillance infrastructure, revealing that while refugee settlements are at risk of typhoid
outbreaks, minimal data is collected on typhoid due to the limited laboratory and clinical structures
in these settlements. As an alternative, most refugee camps were found to depend on the host
community health care centres, which are mainly lower health facilities with ongoing challenges
with typhoid diagnosis.

Bottom line messages:

m) Available data collection tools provide limited options to document culture result
outcomes; health workers broadly group ‘typhoid’ among other diseases or record
typhoid under causes of illness, again contributing to the underestimation of burden.

0 Typhoid burden in Uganda: A presentation by PATH to UNITAG Working Group on Typhoid, June 15,2023
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n) Refugee settlements are at risk of typhoid outbreaks, yet minimal data is collected on
typhoid due to the limited laboratory and clinical structures in these settlements.
Alternatively, many refugee camps depend on the host community health care
centres, often lower health facilities that already face challenges with typhoid
diagnosis.

2. VACCINE CONSIDERATIONS
A. Polysaccharide vaccines

Currently, there are three typhoid vaccines licensed for use and are globally available: a
parenteral typhoid conjugate vaccine (TCV) prequalified in 2017; parenteral unconjugated
Vi capsular polysaccharide (ViPS) prequalified and recommended for use in individuals >2 years
of age; and an oral, live attenuated Ty2la vaccine, though not WHO prequalified but is
recommended for use in individuals aged >6 years of age®’.

In 2008, WHO recommended the use of Ty21a and ViPS for the control of typhoid in typhoid
endemic and epidemic settings. However, since none of the two vaccines are suitable for children
younger than two years, they have not been eligible for Gavi support®?. According to the WHO
position paper on Typhoid vaccines (March 2018), uptake of these vaccines in typhoid-endemic
countries has been low. Ty21a vaccine requires numerous (three/ four) doses and is licensed for
adults and children aged six years and older. Similarly, ViPS vaccine has short-lived protection,
requiring a booster dose every two to three years. As a result, these hindrances have prevented
their inclusion in routine childhood vaccination programs®3.

B. Typhoid Conjugate Vaccines (TCV)

WHO recently prequalified two newer generation Vi-tetanus toxoid conjugate vaccines (TCV) i.e.,
TYPBAR TCV manufactured by Bharat Biotech International, India is WHO-prequalified in 2017;
and TYPHIBEV manufactured by Biological Evans (BE) Limited, India, prequalified in 2020. The
new generation of TCV overcomes many limitations that impended uptake of earlier vaccines
through increased efficacy, suitability for children under the age of two years, and their easier
inclusion in routine immunization programs®. Unlike Ty21a and ViPS vaccines, TCV has the
potential to protect children under two years of age because it induces a T cell-dependent immune
response (more robust responses involving high avidity antibodies and immunologic memory) in
young children®. TCVs were licensed based on their safety and their ability to offer strong

61 WHO Health Product Policy https://www.who.int/teams/health-product-policy-and-standards/standards-and-
specifications/vaccine-standardization/typhoid-fever Accessed on 15 September 2022

62 Gavi: Typhoid vaccine, https://www.gavi.org/types-support/vaccine-support/typhoid, Accessed on 16
September 2022.

63 Shakya, M., Neuzil, K.M. and Pollard, A.J., 2021. Prospects of future typhoid and paratyphoid vaccines in endemic
countries. The Journal of Infectious Diseases, 224(Supplement_7), pp.5770-S774.

64 WHO. Typhoid vaccines: WHO position paper — March 2018. Weekly Epidemiological Record. 2018 Mar
30;93(13):153-72. Available from: https://www.who.int/publications/i/item/typhoid-vaccines-who-position-
paper-march-2018

5 SAGE Background Paper on Typhoid Vaccines for SAGE Meeting (October 2017)
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protection after a single dose and are suitable for children 6 months of age and older, allowing for
delivery through routine childhood immunization programs.

In 2018, WHO recommended introducing TCV in typhoid-endemic settings while noting that
expanded use of TCV through routine immunization has the potential to reduce the need for
antibiotics, slow further emergence of drug-resistant typhoid strains, and save lives.

Bottom line message

0) TCV can be included in routine EPI schedules as it can be given to children older
than 6 months of age. TCV has the potential to prevent disease, reduce the need for
antibiotics, and slow further drug resistance evolutions.

p) TCV Vaccines are funded by Gavi in line with the country funding mechanism

C. TCV performance in non-endemic settings

. TCV performance in non-endemic settings
)} TCV immunogenicity and safety profile

Safety study in India

Typbar-TCV was licensed on the basis of its immunogenicity and safety demonstrated in a phase
3 study in an endemic setting. A double-blind, randomized controlled trial (RCT) and an open-
label trial (OLT) in India assessed the safety and immunogenicity of Typbar-TCV in healthy
subjects aged 2-45 years and healthy infants 6-23 months of age respectively and found that
Typbar-TCV induced multiple immunoglobulin G (IgG) subclasses and strong booster responses
in all ages with no vaccine-attributable severe adverse events observed®®. Typbar-TCV in infants
6-23 years was highly immunogenic with a seroconversion (SCN) rate of 98% and geometric mean
titre (GMT) of 1937 [95% CI, 1785-2103] 42 days after vaccination. Two years after vaccination,
OLT, the infants achieved GMT of 48 (95% CI, 42-55) and GMAI of 57% as shown in the table
below. The OLT that represented the first use of Typbar-TCV in young children <2 years of age
concluded that the single-dose Typbar-TCV is well tolerated and induces robust and long-lasting
serum anti-Vi IgG across age groups.

5 Mohan, V.K., et al., 2015. Safety and immunogenicity of a Vi polysaccharide—tetanus toxoid conjugate vaccine
(Typbar-TCV) in healthy infants, children, and adults in typhoid endemic areas: a multicenter, 2-cohort, open-label,
double-blind, randomized controlled phase 3 study. Clinical Infectious Diseases, 61(3), pp.393-402.
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Table 10: GMT and rise of anti-Vi serum IgG enzyme-linked immunosorbent assay titres in
the TCV RCT and OLT in India

Study design Intervention 42 days after | 2 years after vaccination
vaccination
SCN | GMT (95% CI) | GMT | GMAI (95% CI)
Double-blind, RCT Single dose | 97% | 1293 82% | 60%
(n=644 healthy children | Typbar TCV
and adults aged 2-45 years) | Vi-polysaccharide | 93% | 411 46% | 46%
Typbar
OLT (n=327 healthy | Single dose | 98% | 1937 48% | 57%
infants aged 6-23 months) | Typbar TCV

i) TCV efficacy profile
Efficacy study in Oxford, UK

In addition to the immunogenicity studies in India, controlled human infection studies in adults in
the United Kingdom provided evidence for the efficacy of TCV that informed the SAGE
recommendation. A single-centre, randomized controlled, phase 2b study using an established
outpatient-based human typhoid infection model found that TCV is a highly immunogenic vaccine
that significantly reduces typhoid fever cases when assessed using a stringent controlled model of
typhoid infection®’. Participants (aged between 18 and 60 years) who received a single dose of
TCV showed a vaccine efficacy of 54:6% (95% CI 26-8-71-8) and 100% SCN with significantly
higher GMTs detected 1-month post-vaccination compared to 52-0% (23-2—70-0) efficacy and
88.6% SCN in participants that received ViPS. Although four serious adverse events (SAE) were
reported during the study, none were related to vaccination (one in the TCV group and three in the
VIiPS group). The study concluded that TCV use has the potential to reduce both the burden of
typhoid fever and associated health inequality.

Likewise, the first study to estimate the efficacy of a TCV from field data by Voysey et al. (2018)
found TCV seroefficacy to be 85% (95% CI, 80%—-88%)%. Using data obtained from the efficacy
study above (only compared TCV with VIiPS in 2-45-year-olds), and an additional OLT
administering TCV to children aged 6-23 months, the study found seroincidence to be lower in
participants randomized to TCV rather than ViPS during the 2-year post vaccination period. The
study also found no difference in seroincidence for TCV between the two age groups as
summarized in the tables below thus concluded that Typbar TCV substantially reduces the number
of serologically defined clinical or subclinical infections in infants, children, and adults.

57 Jin C, Gibani MM, Moore M, et al. Efficacy and immunogenicity of a Vi-tetanus toxoid conjugate vaccine in the
prevention of typhoid fever using a controlled human infection model of Salmonella Typhi: a randomized
controlled, phase 2b trial. Lancet2017; 390:2472-80.

58 Voysey, M. and Pollard, A.J., 2018. Seroefficacy of Vi polysaccharide—tetanus toxoid typhoid conjugate vaccine
(Typbar TCV). Clinical Infectious Diseases, 67(1), pp.18-24.
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Table 11: Baseline characteristics of participants included in the study by randomized

vaccine group

Baseline x-tic Age group N=387 Day 42 Vi IgG, GMT (95% ClI)
TCV (RCT) 2-45 years 155 (47%) | 1092.5 (931.2-1281.7)
TCV (OLT) 6-23 months 103 (34%) | 1874.1 (1592.0-2206.3)
ViPS (RCT) 2-45 Years 129 (42%) | 446.6 (358.8-555.8)
Table 12: Sero-incidence and RR of presumed typhoid infection
Age group Sero-incidence Relative risk (95% CI)
TCV (RCT) | TCV (OLT) | ViPS (RCT) | TCV vs ViPS TCV:RCT vsOLT
All ages 21(13.5) 13(12.6) 47 (36.4) 0.372 (.235-.588) | 1.073 (.563-2.046)
Childrenaged | 13/108 (12.0) 25/88 (28.4) | 0.424231-.778)
2-15 years

Bottom line message

g) A study in India was the first use of Typbar-TCV in young children <2 years of age
and concluded that the single-dose Typbar-TCV is well tolerated and induces robust
and long-lasting serum anti-Vi IgG across age groups.

r) Typbar TCV is shown to substantially reduce the number of serologically defined
clinical or subclinical typhoid infections in infants, children, and adults.

E. TCV performance in endemic settings

Results from three efficacy studies in Malawi, Nepal, and Bangladesh, conducted by the Typhoid
Vaccine Acceleration Consortium (TyVAC) indicate that Typbar TCV is safe, immunogenic,
and efficacious at preventing blood culture-confirmed typhoid fever in children 9 months
and older in African and Asian settings as detailed below:

i) Phase 3 RCT in Nepal®

A phase 3, RCT in 9-month- to 16-year-old children vaccinated with TCV in Lalitpur, Nepal found
that a single dose of TCV was associated with a reduction of 81.6% in the incidence of typhoid
fever among the children aged between 9 months and 16 years of age. When the analysis was
restricted to the WHO clinical diagnosis of typhoid fever, those presenting with at least 3 days of
fever, the efficacy estimate increased to 85.1%. From the 10,005 participants who received the
TCV, only 7 (79 cases per 100,000 person-years) had a blood culture—confirmed typhoid fever
compared to 38 (428 cases per 100,000 person-years) of the 10,014 participants that received the
capsular group A meningococcal conjugate (MenA) vaccine. The protective efficacy of TCV was
81.6% (95% CI, 58.8 t0 91.8; P<0.001) with 99% SCN compared to 2% SCN in the MenA vaccine
group. The study also found TCV to be immunogenic, eliciting an antibody response a month after
vaccination. Although only one SAE was deemed to be a vaccine-related fever without any

9 Shakya, M., et al., 2019. Phase 3 efficacy analysis of a typhoid conjugate vaccine trial in Nepal. New England
Journal of Medicine, 381(23), pp.2209-2218.

23



alternative diagnosis, reported adverse events indicated an acceptable safety profile that was
comparable to that of MenA - another widely used conjugate vaccine.

Final results of the phase 3 RCT after 2 years were in keeping with the interim results. The
participant-masked and observer-masked individually randomized trial in Lalitpur, Nepal, in
which 20,019 children aged 9 months to younger than 16 years were randomly assigned in a 1:1
ratio to receive a single dose of Typbar TCV, or MenA and followed up for 2 years found the
protective efficacy of TCV against blood culture-confirmed typhoid fever to be 79-0% (95% ClI
61-9-88-5; p<0-0001) with no evidence of waning protection over a 2-year-period™®. The
incidence of typhoid fever was 72 (95% CI 38-123) cases per 100,000 person-years (PYSs) in the
TCV group and 342 (95% CIl 262-438) cases per 100,000 person-years in the MenA group.
Adverse events occurring within the first 7 days post-vaccination were reported previously.

Table 13: Adverse events occurring within the first 7 days post-vaccination

Interim results (2017-2018) After 2 years (2019-2020)
Intervention | Blood culture | Efficacy | SCN | GMTs on day | Efficacy | Typhoid
confirmed Typhoid | (95% 28 (ELISA | (95% incidence
fever Cl) units/ mL) Cl) (cases)
TCV 7(79/100,000 PYs) | 81.6% 99% | 2038 79.0% 72/100,000PYs
(n=10,005)
MenA 38(428/100,000 PY?s) 2% | 7.0 342/100,000PY's
(n=10,014)

i) A Phase 3, Double-blind RCT in Malawi’?

Similar vaccine efficacy was observed in Malawi, with an efficacy estimate of 80.7% (intention-
to-treat population) and 83.7% (per protocol population) against blood culture-confirmed typhoid
fever among children 9 months through 12 years of age, after 18 months of study follow-up. A
single-center, phase 3, double-blind, individually randomized, active-controlled trial in Blantyre,
Malawi assessed TCV efficacy in children aged between 9 months and 12 years of age and found
that administration of TCV resulted in a lower incidence of blood culture—confirmed typhoid fever
than the control vaccine (MenA) after 2 years of follow-up. Of the 14,069 children that received
TCV, only 12 (46.9 cases per 100,000 person-years) children had a blood culture—confirmed
typhoid fever compared to 62 (243.2 cases per 100,000 person-years) of the 14,061 in the MenA
group. Overall, TCV efficacy was 80.7% (95% ClI, 64.2 to 89.6) in the intention-to-treat analysis
and 83.7% (95% Cl, 68.1 to 91.6) in the per-protocol analysis. Although a total of 130 SAEs (most
common being respiratory tract infection, gastroenteritis, and malaria) occurred in the first 6
months after vaccination (52 I n the TCV group and 78 in the MenA group), including 6 deaths
(all in the MenA group), no SAEs were considered to be vaccine related.

70 Shakya, M., et al., 2021. Efficacy of typhoid conjugate vaccine in Nepal: final results of a phase 3, randomized,
controlled trial. The Lancet Global Health, 9(11), pp.e1561-e1568.

7 patel PD, Patel P, LiangV, et al. Safety and efficacy of typhoid conjugate vaccine in Malawian children. N Engl J
Med2021; 385:1104-15. doi:10.1056/NEJM0a2035916 Google ScholarWorldCat

24



Data from ongoing follow-up in Malawi show TCV prevents blood culture-confirmed typhoid for
more than 4 years among children between the ages 9months and 12 years, proving that TCV
offers safe and durable protection in the longer term’?.

Figure 5:Kaplan-Meier estimates of the cumulative Incidence of blood culture positive
typhoid fever beginning on the vaccination day 0 in the Intention-to-treat population by
Vaccine Group
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Figure 3: Kaplan-Meier estimates of the cumulative incidence of blood culture positive typhoid fever beginning on the vaccination day 0 in the

intention-to-treat population by vaccine group. Maximum number of participants at risk 1s shown below the graph. C1 = confidence interval; MenA =
meningococcal capsular group A conjugate vaccine; Vi-1TT = Vi polysacchande tetanus toxoid typhoid conjugate vaceine

iii)  Phase 3 cluster randomized trial in Bangladesh”

A participant-masked and observer-masked cluster-randomized trial in Dhaka, Bangladesh
assessing the protection of TCV against typhoid fever in children aged between 9 months and less
than 16 years found that a single dose of TCV provided 85% protection (97-5% CI 76 to 91,
p<0-0001) against typhoid fever. 61,756 children from 150 clusters were randomly assigned to
receive TCV (41,344) or the control vaccine (20,412 -Japanese encephalitis (JE) vaccine). The
study established that the total vaccine protection was consistent in different age groups, including
children vaccinated at ages < 2 years (81%; 95% CI 39 to 94, p=0-0052). Following vaccination
of the two groups of children with either vaccine, the study found that the incidence of typhoid
fever (cases per 100,000 person-years) was lower (96) in TCV vaccines than in JE (635) vaccines,
and the vaccines were well tolerated with no SAESs judged to be vaccine-related.

Similarly, a cluster -Randomized Trial in Dhaka, Bangladesh assessing the Prevention of Typhoid
by Vi Conjugate Vaccine and Achievable Improvements in Household Water, Sanitation, and
Hygiene among 61,654 urban Bangladesh children aged 9 months to <16 years were randomized

72

3 Qadri F, KhanamF, Liu X, et al. 2021. Protection by vaccination of children against typhoid fever with a Vi-
tetanus toxoid conjugate vaccine in urban Bangladesh: a cluster-randomized trial. Lancet2021; 398:675-84.
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to Vi-tetanus toxoid TCV or Japanese encephalitis (JE), existing household WASH status was
assessed at baseline as Better or Not Better using previously validated criteria. The adjusted
reduced risk of typhoid among all residents living in the clusters assigned to TCV was 55%;
95%Cl, 43%-65%; P<.001), and that of living in Better WASH households, regardless of the
cluster, 37%(95% CI124%-48%; P<.0001.The highest risk of typhoid was observed in persons
living in households with Not Better WASH in the JE clusters. In comparison, those living in
households with Better WASH in the TCV cluster had an adjusted reduced risk of 71%(95%%
Cl1,59%-80%;P<.001.The findings support a concerted approach to typhoid elimination through
vaccination using safe and effective TCVs with the implementation of achievable WASH
improvements in high-risk communities. The combination of TCV and living in a Better WASH
household still reflected only a 70% reduction in relation to the absence of both.”

iv) A safety and immunogenic non-inferiority study on TYPHIBEV - TCV

TYPHIBEV manufactured by Biological Evans (BE) Limited, India, was prequalified by WHO in
2020. Results from a multicenter, single-blind, randomized, phase 2/3 clinical study conducted in
India assessing the safety and immunogenic non-inferiority TYPHIBEV compared to Typbar-TCV
demonstrated that the immune response profile of TYPHIBEV is comparable”™. 622 healthy
subjects aged >6 months to <64 years were enrolled in the study at 9 sites in India and were
randomized 1:1 to receive a single 0.5 mL dose of either TYPHIBEV or Typbar TCV. Findings
show that across all age groups, TYPHIBEV was non-inferior to Typbar-TCV in terms of antibody
response (immunogenicity) and safety on days 0 and 42 after vaccination. All adverse events were
mild or moderate with no difference in adverse events between the two vaccine groups. While
efficacy and effectiveness data on TYPHIBEYV is not yet available, these non-inferiority data were
sufficient for WHO to prequalify TYPHIBEV.

74 Tadesse, B. T., Khanam, F., Ahmmed, F., Im, J., Islam, M. T, Kim, D. R., Kang, S. S. Y., Liu, X., Chowdhury, F.,
Ahmed, T., Binte Aziz, A., Hoque, M., Park, J., Pak, G., Zaman, K., Khan, A. |., Pollard, A. J., Kim, J. H., Marks, F.,
Qadri, F., ... Clemens, J. D. (2022). Prevention of Typhoid by Vi Conjugate Vaccine and Achievable Improvements in
Household Water, Sanitation, and Hygiene: Evidence From a Cluster-Randomized Trial in Dhaka, Bangladesh.
Clinical infectious diseases: an official publication of the Infectious Diseases Society of America, 75(10), 1681-1687.
https://doi.org/10.1093/cid/ciac289

7> Thuluva, et al., 2022. "A multicenter, single-blind, randomized, phase-2/3 study to evaluate immunogenicity and
safety of a single intramuscular dose of biological E’s Vi-capsular polysaccharide-CRM197 conjugate typhoid
vaccine (TyphiBEVTM) in healthy infants, children, and adults in comparison with a licensed comparator." Human
Vaccines & Immunotherapeutics (2022): 1-11.
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Table 14: TyVAC studies that provided data on safety, immunogenicity, and efficacy of
Typbar TCV in endemic settings to inform country-level decision-makin

Country Design Cont.rol Ages _St_udy Pifietd Number vaccinated
vaccine Participant follow-up

Individually-
Nepal randomized Meningitis A eIl AP leate 20,019
efficacy years 2 years
ey eI 9 months — 12 Feb 2018 — Sept 2021
Malawi randomized Meningitis A P 28,130
efficacy years 3 years
Cluster- Japanese 9 months — 16 Apr 2018 — May 2020
Bangladesh randomized encephalitis years 2 years et

Source: Slide from a TCV presentation by TyVAC to UNITAG working Group on Typhoid on 15 June, 2023.

Findings from other studies on the reactogenicity, safety and immunogenicity of TCV are
consistent with the findings above. Evidence from a nested sub-study of a double-blind RCT by
Nampota-Nkomba, et al. (2022) assessing TCV in Malawi shows that TCV is safe and
immunogenic up to 730-1035 days in Malawian children aged 9 months to 12 years with no
known immunosuppression or chronic health conditions, including HIV or severe malnutrition as
summarized in the table below’®. The sub study design nested within a phase 3 double blind,
parallel design randomized Controlled Trial of TCV in Children randomly assigned (1:1) to
received TCV or control Meningococcal Serogroup A conjugate Vaccine. Results from the trial
indicate 305 participants in the TCV group and 297 participants in the MCV-A group were
vaccinated. Among TCV reciepients ,anti-vi IgG geometric mean titres increased more than 500
times from 4.2 ELISA units(EU)MI(95% Cl 4.0-4.4) at baseline to 2383.7 EU/mL(2087.2-22.3 at
day 28,then decreased to 48.0 EU/mL ( 39.9-57.8) at day 730-1035 remaining more than 11 times
higher than the baseline.

Among the MCV-A reciepients,anti-Vi | Gg titres remained unchanged:4.3 EU/mI(4.0-4.5) 730-
1035 day.TCV and MCV-A recipients had similar solicited local 3% of 304,95% CI 1.3-5.1 and
three[1%] of 293,0.4-3.0) and systemic(27%[9%] of 304,6.2-12.6 and 27[9%] of 304,6.2-12.6 and
27[9%] of 293,6.4-13.1) reactogenicity

Table 15: Immunosuppression or chronic health conditions, including HIV or severe
malnutrition

Age Group Intervention/ Seroconversion - GMTs (EU/mL)
control Day 0 Day 28 day 730-2387
9 months - 12 years | TCV (n=320) | 4.2 2383.7 48
MenA (n=311) | 4.3 4.4 4.6

76 Nampota-Nkomba, N., et al., 2022. Safety and immunogenicity of a typhoid conjugate vaccine among children
aged 9 months to 12 years in Malawi: a nested substudy of a double-blind, randomized controlled trial. The Lancet
Global Health, 10(9), pp.e1326-e1335.
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Also, results from a phase 3, double-blind trial by Patel et al. (2021) in Malawi assessing TCV
efficacy in Malawian children 9 months to 12 years of age show that administration of Vi-TCV
resulted in a lower incidence (12/ 14,065) of blood culture—confirmed typhoid fever than the MenA
vaccine (62/14,065) with an overall efficacy of 80.7% (95% [CI], 64.2 to 89.6) in the intention-to-
treat analysis and 83.7% (95% CI, 68.1 to 91.6) in the per-protocol analysis’’. Although 130 SAEs
occurred in the first 6 months after vaccination (52 in the Vi-TCV group and 78 in the MenA
group), including 6 deaths (all in the MenA group) none were related to vaccination.

Table 16: Typhoid conjugate vaccine (TCV) provides strong protection in Africa and Asia

Typhoid conjugate vaccine (TCV) provides strong protection in Africa and Asia

Location f{IE] Malawi Bangladesh

Number of participants 20,019 21,882 61,56/
Ages of participants 9 months to <16 years 9 months to <12 years 9 months to <16 years
Sudy design Randomized 1.1 | R_andomized 1l Cluster* randomizgd Ll
TCV or meningococcal A (MenA) vaccine  TCV or MenA vaccine TCV or Japanese encephaltis (JE) vaccine
Length of follow-up - 24 months 48-54 months 18 months
Blood-culture confirmed typhoid cases  TCV: 13 Meningococcal A: 62 TCV: 24 MenA: 110 TCV: 29 JE 192

BEEEEIEET TCV prevents 78-85% of typhoid cases in children in Africa and Asia. -@1

Vaccine safety Meets safety standards v’ Meets safety standards v Meets safety standards v

*In cluster randomized trials, groups of participants (known as clusters) are randomized as opposed to individual participants being randomized.

Source: Slide from a TCV presentation by TyVAC to UNITAG working Group on Typhoid on 15 June, 2023.

V) TCV Contraindications, adverse effects

WHO recommends that TCV should not be administered in case of allergic reactions to any
component of the vaccine. Specifically, WHO recommends that vaccination with TCV should be
postponed in the event of severe acute febrile illness as minor infections are not contraindications.
In the case of adverse events, vaccination with TCV may cause mild reactions at the injection site
(pain, redness at the injection site), fever, headache, and myalgia (muscle pain) as evidenced in the
safety and tolerability studies above, and rarely may cause anaphylactic reactions. Thus, WHO
further recommends that if administered simultaneously with other vaccines, different syringes
should be used on different injection sites.

77 patel, P.D., et al., 2021. Safety and efficacy of a typhoid conjugate vaccine in Malawian children. New England
Journal of Medicine, 385(12), pp.1104-1115.
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Vi) TCV performance when co-administered with other vaccines at 9 months of age
in RI

Results from Burkina Faso on co-administration of Typbar - TCV with yellow fever (YF) and
measles-rubella (MR) vaccines at 9 months of age, and group A meningococcal conjugate vaccine
(MenA) at 15 months old showed comparable TCV antibody responses in the countries where
efficacy has been demonstrated. For all vaccines tested in the double-blind RCT, antibody
responses were similar in the groups receiving concomitant TCV as compared to the group not
receiving TCV’®.  The vaccinations were well-tolerated with no SAEs deemed related to
vaccination (fever, irritability and any other systemic reactions). The study concluded that TCV
can be safely co-administered at 15 months with MenA without interference.

Another randomized, double-blind, and controlled, phase 2 trial in Ouagadougou, Burkina Faso
found that TCV can be safely co-administered with MR and YF vaccines to children at the 9-
month vaccination visit’®. Children aged 9-11 months were randomly vaccinated with TCV (49
children) or control vaccine (inactivated polio vaccine - 51 children) with routine MR and YF
vaccines administered for both groups. The study found that anti-body responses increased
significantly in the TCV recipients and remained relatively unchanged for the IPV group on day
28 post-vaccination, as shown in the figure below. Thus, the study concluded that a single dose of
TCV demonstrated a robust antibody response in infants at 9 months of age.

Table 17: TCV Co-Administered with other vaccines

Group | Intervention (all Seroconversion - GMTs AEs and SAEs

N=150 | given routine MR) Day 0 Day 28 28 days | 6 months

1(n=48) | TCV+IPV+MenA | 5.0 (4.0-6.3) | 2754.1 (1537.3-4934.1) | 61.2% | 2.0%

28 days later
2(n=50) | TCV+MenA 4.7 (3.7-5.8) | 3707.3 (2632.0-5222.0) | 64.0% | 8.0%
3(n=51) | MenA+IPV 4.8 (3.8-6.2) | 5.3(4.1-6.9) 68.6% |5.9%

Sero conversion are comparable when co-administered with IPV, MenA and same applies to AEs

78 Sirima, S.B., et al., 2021. Safety and immunogenicity of co-administration of meningococcal type A and measles—
rubella vaccines with typhoid conjugate vaccine in children aged 15-23 months in Burkina Faso. International Journal
of Infectious Diseases, 102, pp.517-523.

7® Sirima, S.B., et al., 2021. Safety and immunogenicity of Vi-typhoid conjugate vaccine co-administration with
routine 9-month vaccination in Burkina Faso: A randomized controlled phase 2 trial. International Journal of
Infectious Diseases, 108, pp.465-472.
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Table 18: Anti-Vi IgG antibody immunogenicity before vaccination (day 0) and 28 days after
vaccination

Group 1: TCV (N = Group 2: IPV (N =
49) 51)
Seroconversion® (%, 95% CI) 43/49 (87-8%, 75-2—  4[50° (8-0%,2-2—
95.4) 19.2)
Day 0 geometric mean titer (95% 8-9(5.9-13.6) 8-5(5-6-12.7)
)
Day 28 geometric mean titer 1203-7 (747 -1- 8-9"(6-1-13-1)
(95% CI) 1939.5)

Following routine MR and YF vaccines administration in the same study, anti-YF antibody titers
for both groups increased significantly post-vaccination with 70% of participants in the TCV group
being seropositive for anti-YF antibodies at the 500 mIU/mL threshold. Similarly, the anti-measles
and rubella antibody GMTs for both groups significantly increased post-vaccination as shown in
the image below. Almost 90% of participants in both TCV and IPV groups were seropositive for
anti-measles and for anti-rubella antibodies. While the study found that anti-tetanus 1gG antibody
titers for both groups were above the threshold for short-term immunity post-vaccination, 98%
(48/49) of TCV participants were above the threshold for long-term immunity post-vaccination.
Hence study concluded that TCV did not interfere with YF or MR immunogenicity in the study
population.
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Table 19: Anti-measles and anti-rubella 1gG and YF neutralizing antibody immunogenicity
before vaccination (day 0) and 28 days after vaccination.

Yellow faver Measles Fubella
GMT (95% Seropositivity™ GMT (95% Seropositivity® GMT Seropositivity®
N

CI) n %(95%cry CI n 9%(05% Cr) (93% CI} 9 (95% CI)
Day 0
Group 1: 49 453.0(45.0—- 0 0.0(0.C— 3.4(3.0— 0 0.-0{0-0-— 1.2(0.8- 4 S.2(2.3-
TCWV 45.0) 73 3.8) 7-3) 1.8) 19.5)
Group 2: 30 45.8(44.2— 0 0.0(0.0— 4.1(3.1- 1 2.0{0-1- 2.0(1.3- 8 16.0(7.2-
IPWV 47-5) 7-1) 5.4 10-7) 3.1) 29.1)
p-Value® 0.32 MA 0.-20 1-00 0-10 0-36
Diay 28
Group 1: 45 S§15.5 32 &9-6(54-3- 442.5 41 89-1(76-4- 25.3 40 &7-0(73-7-
TCWV (527.1- 82.3) (314.9- O - ) 19.3— 95.1)

1261 -6) 5665-8) 33.3)
Group 2: 48 G38.5 31 64.6049.5- 306.8 42 87.5(74.8-  25.5 42 87.5(74-5-
IPWV (455. 1~ 77-8) (307 6— 05.3) 19-4- 95.3)

1041 .5) 511-8) 33.5)
p-Value® 0.-57 0. 65 a.-753 1-00 Q.97 1.00

1 = number of participants, N = total number, GMT = geometric mean titer, CI = confidence intervals, NA

not applicable, ITT = international units.

The study also assessed the safety and reactogenicity profile of TCV and found that only 4 infants
that received TCV (8-2%) experienced fever and irritability in the 7 days after vaccination, which
was less than the observed rate of 18% for IPV recipients, and consistent with the safety profile in
the 15-month-olds in Burkina Faso. As IPV is a well-accepted vaccine routinely administered to
infants as young as six weeks of age, the finding that TCV was better tolerated than IPV bodies
well for TCV acceptance among caregivers and healthcare practitioners.

vii)  Indirect protection for those that may not be able to get vaccinated with TCV

There is considerable evidence that TCV offers indirect protection among the unvaccinated.
Results from the cluster-randomized trial assessing protection of children against typhoid fever
with a TCV vaccine in urban Bangladesh showed that TCV offered indirect vaccine protection
(i.e., herd immunity) though not statistically significant (19%; 95% CI —12 to 41, p=0-20).

In addition, a mathematical model evaluating the potential direct and indirect effects of vaccination
on the projected typhoid incidence over time predicted TCV vaccination to confer substantial
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indirect protection, particularly at coverage levels exceeding 40-50%°%°. The model was fit to
data on culture-confirmed cases of typhoid fever from Vellore, India ranging from 2000-2012 and
validated against the results of cluster randomized vaccine trials. A variety of school-based
vaccination strategies were evaluated, including routine TCV vaccination at 9 months old, with
and without a catch-up campaign among 9-month to 15-year-olds which predicted typhoid
vaccination using TCV to lead to short-term indirect protection and a decrease in typhoid
incidence, although unlikely to lead to elimination. The level of indirect protection was found to
depend on assumptions about the role of chronic carriers, hence recommending future research.

viii)  Duration of protection accorded by TCV when given to infants 6 months to 2 years
of age and the need for booster doses

A study by Vadrevu, et al. (2021) found that antibody responses to Typbar-TCV vaccine in
children < 2 years of age showed higher prevalence of persisting SCN at most time points with the
gap widening by 7th year, though not statistically significant (except 3rd year)®. More boosted
children exhibited higher persistent SCN at 5 years and 7 years post-primary vaccination compared
to unboosted children. The study concluded that to extend protection, administering a booster of
Typbar-TCV to children approx. 5 years after their primary dose, i.€., coinciding with school entry,
may be advisable. However, currently, WHO does not recommend a booster dose.

Table 20: Duration of protection accorded by TCV when given to infants 6 months to 2 years
of age and the need for booster doses

GMTs post primary vaccination with TCV Persistent SCN (>4-
fold above baseline
On day 762 | 3 years 5 years 7 years 5 years 7 years
Boosted children | Increased 32-fold over | 14-fold over | 10-fold over | 84% 71%
(n=86) significantly | baseline baseline baseline (72/86) (61/86)
Unboosted 21-fold over | 8-fold over | 5-fold over | 72% 44%
children (n=25) baseline baseline baseline (18/25) (11/25)

Bottom line messages

s) Results from three efficacy studies in Bangladesh, Malawi, and Nepal show that
Typbar TCV prevented 85%, 84%, and 79%, respectively, of typhoid cases in
children. Typbar TCV is proven safe, immunogenic, and efficacious at preventing
blood culture-confirmed typhoid fever.

t) Data from Malawi show that a single dose of TCV offers safe and durable
protection.

u) TCVs are safe and protective across diverse settings in Africa and Asia.

80 pitzer, V.E., et al., 2014. Predicting the impact of vaccination on the transmission dynamics of typhoid in South
Asia: a mathematical modeling study. PLoS neglected tropical diseases, 8(1), p.e2642.

81 vadrevu, K.M., et al., 2021. Persisting antibody responses to Vi polysaccharide—tetanus toxoid conjugate (Typbar
TCV®) vaccine up to 7 years following primary vaccination of children< 2 years of age with, or without, a booster
vaccination. Vaccine, 39(45), pp.6682-6690.

32



V) Results from a Phase 2/3 study conducted in India demonstrated that the immune
response profile of TYPHIBEYV is comparable to Typbar TCV.

w) Co-administration with measles-rubella and yellow fever vaccines at 9 months of
age and co-administration of measles-rubella and meningococcal A vaccines at 15
months of age was found to be safe.

X) WHO does not currently recommend a booster dose.

3. ECONOMIC CONSIDERATIONS
I.  Impact and cost-effectiveness of TCV on typhoid burden

Several studies have shown that TCV vaccination averts a considerable number of cases and
deaths. A study by Cook et al., (2008) evaluated the cost-effectiveness of TCV vaccination against
typhoid in four sites, including Kolkata (India), Karachi (Pakistan), North Jakarta (Indonesia), and
Hue (Vietnam) , and estimated that a vaccination program targeting all children (2—14.9) would
prevent 456 typhoid cases in India, 158 in Pakistan, and 258 in Indonesia. Similarly, 4.6, 1.6, and
2.6 deaths and 126, 44, and 72 (DALYSs) were estimated to be averted over 3 years in the 3
countries respectively®?, A net social costs of US$160 and US$549, per DALY would be averted
in the 3 countries respectively. Results showed that these programs would be considered cost-
effective under a wide range of assumptions. The study, however, estimated that community-based
vaccination programs that also target adults were less cost-effective because incidence was lower
in adults than children but were also likely to be “very cost-effective”. Similarly, a program
targeting school-aged children in Hue, Vietnam would prevent 21 of 84 cases per year, avert 6
DALYSs, and not be cost-effective (US$3779 per DALY averted) because of the low typhoid
incidence there.

Models available on the ‘Take on Typhoid’ website predicted that TCV is likely to be cost-
effective in countries with high typhoid incidence, high cost of typhoid treatment, and/or high
death rates from typhoid, hence has the potential to significantly reduce typhoid burden®. In
particular, Uganda was predicted to experience a 72.39% reduction in typhoid cases in the 10 years
after introducing TCV in RI at 9 months of age, plus a catch-up campaign up to 15 years; 54.7%
reduction in typhoid cases following RI plus catch-up up to 5 years; and 38.56% reduction in
typhoid cases in Rl only. Similarly, it was predicted that introducing TCV vaccination in Uganda,
a Gavi eligible country would be cost-effective (the preferred option over no vaccination) if one
year of life in perfect health is valued to be worth at least $300 (in USD2016) i.e., lowest cost per
disability adjusted life year (DALY averted at which vaccination is more cost-effective than no
vaccination.

Furthermore, findings from several models indicate that RI of infants with TCV plus catch-up
vaccination of older cohorts provides additional benefits towards an accelerated and sustained
decline in typhoid fever incidence, compared with RI alone. A modeling study by Pitzer, et al.
(2014) predicted RI with TCV at 9 months of age to generally prevent the most cases per course

82 Cook, J., et al (2008). Typhoid Economics Study Group, 2008. The cost-effectiveness of typhoid Vi vaccination
programs: calculations for four urban sites in four Asian countries. Vaccine, 26(50), pp.6305-6316.

8 World Overview: TCV Impact and Cost-Effectiveness. https://www.coalitionagainsttyphoid.org/resource-
tools/cost-effectiveness/world-overview/#tab-1 [Accessed on October 05, 2022]
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compared to the other typhoid vaccines®*. Different vaccination strategies were evaluated,
including a one-time campaign among school-aged children (6-15 years old), RI at school entry
(6 years old), and RI at school entry plus a one-time catch-up campaign among 6-15-year-olds for
TCV, Ty21a and ViPS. Assuming an initial TCV efficacy of 95.6% and a duration of 19.2 years
based on a comparison between the predicted direct effect (i.e., reduction in the cumulative
incidence among vaccinated versus unvaccinated individuals) and the waning of protection
observed during trials, modeled results showed that typhoid incidence would decline by 36-42%
over 20 years following introduction of TCV depending on the age at vaccination as shown in the
figure below. Since TCV aims to provide immunity from a younger age, the study explored the
potential impact of RI at 9 months old, with and without a catch-up campaign among 9-month to
15-year-olds and found that routine vaccination with TCV at 9 months of age generally prevented
the most cases per course compared to all other vaccination strategies.

Table 21: Cumulative number of typhoid cases prevented per 1,000 vaccine courses when
vaccination is introduced with 80% coverage

Vaccination scanario Numbaer of years post-introduction

Age range of
Vaccine Age at routine vaccination campaign 1 year 5 years 10 years 20 years
One-time campaign
Tyila 615y 32 155 M489 izl
ViFs 615y 456 14.2 130 89
Vicv 615y 53 138 352 333
VitV G m-15y 46 214 345 357
Routine vaccination
Ty21a LY 21 1.z 19.0 75
ViPS &y e i) 121 138 12
ViPS 6,912y 7 B8 m 137
wicv by 42 199 98 381
WiCV m 50 26 332 419
Routine vaccination + catch-up campaign
Tyila by 615y 30 129 .1 283
VIFS by 615y 43 125 133 106
ViPS 6,9 12y 615y iz 9.1 14 141
VitV by 615y 49 193 286 365
ViV am G m-15y 44 179 e 70
Vicv Iméy 12y S m-15y LA | 152 200 ki)
dok10.1371/journal pntd 000204 21002

Pitzer VE, Bowles CC, Baker 5, Kang G, Balaji V, et al. (2014) Predicting the Impact of Vaccination on the Transmission Dynamics of
Typhoid in South Asia: A Mathematical Modeling Study. PLOS MNeglected Tropical Diseases &(1). e2642.

hitps-iidei.org/10.137 1/journal pntd. 0002642

hitps-Hfiournals. plos. org/plesnids/adicleYid=10.137 1/journal. pntd. 0002642

The model also predicted that a mass TCV vaccination campaign (targeting all age groups)
followed by RI of 9-month, 6 - and 12-year-olds should lead to a >85% reduction in typhoid

84 pitzer, V.E., et al., 2014. Predicting the impact of vaccination on the transmission dynamics of typhoid in South
Asia: a mathematical modeling study. PLoS neglected tropical diseases, 8(1), p.e2642.
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incidence at 80% coverage, though unlikely to eliminate typhoid. The overall effectiveness over
the first 10 years following vaccine introduction for coverage was predicted to exceed the
population direct effect for all coverage levels (0-100%). The model further predicted that
administering TCV at 9 months of age would increase the overall effectiveness for all scenarios,
suggesting a considerable benefit could be derived from vaccinating infants.

Another modelling study by Lo et al (2018) using a dynamic transmission model compared
strategies and thresholds for TCV against typhoid fever and predicted that while RI of infants
through EPI would be cost-effective in moderate incidence settings (an annual incidence of >50
cases/100,000 (95% ClI, 40-75 cases) at USD $2 per dose, RI plus school-based catch-up
campaigns would be ideal in higher incidence settings (>110/100,000 person-years)®.

Similarly, Bilcke et al., (2019) predicted that Rl with TCV plus an extended catch-up to under 15
years would avert the most cases of typhoid fever over 10 years, representing a 58% (95% PI1 15—
43) decrease in incidence in Gavi-eligible countries®® as detailed below.

Table 22: Vaccination Strategy and Incidence Reduction

Vaccination strategy Incidence reduction | No. of cases averted (million)
globally

RI at 9 months alone 30% 33 M (16-59 M)

RI + catch-up campaign to 5 years | 43% 47 M (22-73 M)

RI + catch-up campaign to 15 years | 58% 63 M (31-94 M)

Antillon et al. (2019) estimated that TCV s likely to be cost-effective in countries with high
incidence, high cost of treatment, and/or high death rates from typhoid®’. Findings from the
assessment of four strategies, including no vaccination, Rl at 9 months, and RI at 9 months with
catch-up campaigns to either age 5 years or 15 years for each of the 54 countries eligible for Gavi
support showed that R1 plus a catch-up campaign up-to-15 years of age was the most cost-effective
strategy in the majority (38 of 54) countries analyzed. This strategy assumed a willingness to pay
(WTP) value of at least US$200 per DALY averted, or assuming a WTP value of at least 25% of
each country's gross domestic product (GDP) per capita per DALY averted, at a vaccine price of
$1-50 per dose (but excluding Gavi's contribution according to each country's transition phase).
This vaccination strategy was also optimal in; 48 countries assuming a WTP of at least $500 per
DALY averted; 51 countries with assumed WTP values of at least $1000; 47 countries assuming
a WTP value of at least 50% of GDP per capita per DALY averted; and 49 countries assuming a
minimum of 100%. It was established that vaccination was likely to be cost-effective in countries
with >300 typhoid cases per 100 000 person-years. Uncertainty about the probability of hospital
admission (and typhoid incidence and mortality) greatly influenced the optimal strategy.

85 Lo, N.C., et al., 2018. Comparison of strategies and incidence thresholds for Vi conjugate vaccines against
typhoid fever: a cost-effectiveness modeling study. The Journal of infectious diseases, 218(suppl_4), pp.5232-5242.
86 Bilcke, J., et al., 2019. Cost-effectiveness of routine and campaign use of typhoid Vi-conjugate vaccine in Gavi-
eligible countries: a modelling study. The Lancet Infectious Diseases, 19(7), pp.728-739.

87 Antillén, M., Bilcke, J., Paltiel, A.D. and Pitzer, V.E., 2017. Cost-effectiveness analysis of typhoid conjugate
vaccines in five endemic low-and middle-income settings. Vaccine, 35(27), pp.3506-3514.
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Another modeling study by Phillips et al. (2023) using a stochastic model of typhoid transmission
fitted to data from Queen Elizabeth Hospital in Blantyre, Malawi, from January 1996 to
February 2015, used to evaluate the cost-effectiveness of vaccination strategies over 10-year
time horizon in three scenarios (1) when an outbreak is likely to occur; (2) when an outbreak is
unlikely to occur within the next ten years; and (3) when an outbreak has already occurred and is
unlikely to occur again, three vaccination strategies were compared to the status quo of no
vaccination:(a)preventive routine vaccination at 9 months of age;(b)preventive routine
vaccination plus a catch-up campaign to 15 years of age; and(c)reactive vaccination with a
catch-up campaign to age 15(for scenario 1). With the assumption that an outbreak occurs within
10 years, the various vaccination strategies would prevent a median of 15-60% of disability-
adjusted life years (DALYS). Reactive vaccination was the preferred strategy for WTP values of
$0-300 per DALY averted. For WTP values >$300, the introduction of preventive routine TCV
immunization with a catch-up campaign was the preferred strategy. Routine vaccination
with a catch-up campaign was cost-effective for WTP values above $890 per DALY averted
if no outbreak occurs and >$140 per DALY averted if implemented after the outbreak has
already occurred. The findings suggest that TCV introduction was cost-effective compared to no
vaccination for all WTP Values above $0.Reactive vaccination (with a 1 month delay in
implementation) was cost saving, with estimated total costs averted of $17,147(95% Crl:-3500-
$65,080) per 100,000 people. Reactive vaccination was preferred for a WTP range of $0-$300.%8

8 phillips, M.T., Antillon, M., Bilcke, J. et al. Cost-effectiveness analysis of typhoid conjugate vaccines in an
outbreak setting: a modeling study. BMC Infect Dis 23, 143 (2023). https://doi.org/10.1186/s12879-023-08105-2
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Table 23: Expected cost-effectiveness of Vaccination strategies

From: Cost-effectiveness analysis of typhoid conjugate vaccines in an outbreak setting: a modeling study

Strategy Expected net costs per Expected total
100,000 people in 2020 DALYs per 100,000

usD people

Expected incremental costs per
100,000 people versus next best non-
dominated alternative

Expected DALYs averted per 100,000 ICER versus next best non-

people versus next best non-
dominated alternative

dominated alternative ($ per
DALY averted)

Scenario 1: When an outbreak occurs over the 10-year titme horizon

Reactive vaccination 5111213 383 - - -

(routine + campaign)

No vaccination (base £128,360 89 - - Dominated
case)

Preventative 5131749 316 520,536 67 307
vaccination (routine +

campaign)

Preventative 5154,148 472 - - Dominated
vaccination (routine

only)

Scenario 2: When no outbreak occurs (pre-outbreak incidence)

No vaccination (base $5893 35 - - -

case)

Preventive vaccnation 526,704 22 - - Dominated
(routine only)

Preventative 327,109 " 521,216 24 902
vacgination (routine +

campaign)

Scenario 3: When an outbreak has olready occurred (post-outbreak incidence)

No vaccination [base 57242 577 - - -

case)

Preventive vaccnation 549,406 295 542,164 282 150
(routine + campaign)

Preventative 851,717 372 - - Dominated
vaccination (routine

anly)

Expected total net costs, total disability-adjusted life-years (DALYs), incremental costs, DALYs averted, and incremental cost-effectiveness ratios (ICERs)
per 100,000 people are shown for each strategy over the 10-year time horizon when (1) an outbreak occurs over the 10-year time horizon (randomized
timing; Scenario 1), (2) an outbreak does not occur (i.e. assuming the pre-outbreak incidence; Scenario 2), and (3) an outbreak has already occurred and
another one is unlikely (i.e. assuming the post-outbreak incidence; Scenario 3). Strategies are sorted from lowest to highest expected total costs per
100,000 individuals. All costs and DALYs are discounted at a rate of 3% per year. Dominated strategies do not form part of the cost-effectiveness frontier,
i.e. no WTP value exists for which a dominated strategy is preferred in terms of cost-effectiveness

ii.  The cost-effectiveness of TCV on drug-resistant typhoid
A recent modelling study by Birgen et al., (2022) estimating the effect of vaccination on
antimicrobial-resistant (AMR) typhoid fever in 73 countries supported by Gavi predicted that the
introduction of RI with TCV at age 9 months plus a catch-up campaign up to age 15 years would
avert 46-74% of all typhoid fever cases in 73 countries over 10 years®®. Specifically, the predicted
number of typhoid cases, deaths, and DALY averted over 10 years following the introduction of
RI with TCV, plus a catch-up campaign in Uganda, are summarized in the table below.

8 Birger, et al0., 2022. Estimating the effect of vaccination on antimicrobial-resistant typhoid fever in 73 countries
supported by Gavi: a mathematical modelling study. The Lancet Infectious Diseases, 22(5), pp.679-691.
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Table 24: The cost-effectiveness of TCV on drug-resistant typhoid

Country | Baseline Baseline | Baseline Total cases | Total Total % of
total total total averted deaths | DALYs typhoid
typhoid typhoid | typhoid (thousands) | averted | averted cases
cases deaths DALYs (thousands) | averted
(thousands) (thousands)

Uganda | 532 (434- | 2331 116 (8- 375 (193-| 1670 86 (6- | 74%
641) (124- 1654) 518) (90- 1234) (42-

34593) 24335) 88%)

Vaccination was predicted to reduce the relative prevalence of AMR typhoid fever by 16% (95%
Cl, 0-49). TCV introduction with a catch-up campaign was predicted to avert 42-5 million (95%
Pl 24-8-62-8 million) cases and 506,000 (95% CI 187 000-1-9 million) deaths caused by
fluoroquinolone non-susceptibility typhoid fever, and 21-2 million (95% Pl 16-4-26-5 million)
cases and 342,000 (95% PI1 135 000-1-5 million) deaths from MDR typhoid fever over 10 years
following introduction. Similarly, the predicted number of AMR typhoid cases, deaths, and
DALYs averted over 10 years following the introduction of Rl with TCV plus a catch-up campaign
up to age 15 years in Uganda are summarized in the table below. Thus, the model indicated the
benefits of prioritizing TCV introduction for countries with a high avertable burden of AMR
typhoid fever.

Table 25: Introduction of RI with TCV plus a catch-up campaign up to age 15 years in
Uganda (all typhoid cases)

Country | Baseline Baseline | Baseline Total AMR | Total Total AMR | %  of
total AMR | total total AMR | cases AMR DALYs typhoid
cases AMR DALYs averted deaths | averted cases
(thousands) | deaths (thousands) | (thousands) | averted | (thousands) | averted
Uganda | 356 (242- | 1884 91 (4- | 273 (154- | 1410 |71 (5- | 74%
490) (82- 1635) 399) (60- 1240) (42-
34077) 25100) 88%)

Bottom line message:

y) Modeled analysis predicts that TCV is likely to be cost-effective in countries with high
typhoid incidence, high cost of typhoid treatment, and/or high death rates from
typhoid.

z) Uganda was predicted to experience a 72.39% reduction in typhoid cases in the 10
years after introducing TCV in RI at 9 months of age, plus a catch-up campaign up
to 15 years old.

aa) Several models indicate that RI of infants with TCV plus catch-up vaccination of
older cohorts provides additional benefits towards an accelerated and sustained
decline in typhoid fever incidence, compared with RI alone.

bb)The model further predicted that administering TCV at 9 months of age would lead
to an increase in the overall effectiveness for all scenarios, suggesting a considerable
benefit could be derived from vaccinating infants.
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cc) In the 10 years following the introduction of Rl with TCV plus a catch-up campaign
up to age 15 years in Uganda, drug-resistant typhoid cases are expected to decrease
by 74%, and more than 1,400 related deaths will be averted.

iii.  Cost-effectiveness of a TCV vaccination program against typhoid fever in relation to
other interventions in place

Findings from a study by Pitzer, et al. (2014) predicting the impact of vaccination on the
transmission dynamics of typhoid in South Asia show that combining vaccination with ongoing
improvements in sanitation is expected to lead to a sustained decline in typhoid incidence
under most scenarios and could potentially lead to elimination as shown in the figure below. The
study explored the potential impact of improvements in water quality and sanitation, with and
without vaccination, under a variety of assumptions about the proportion of transmission due to
carriers and the proportion of transmission that is water-borne (and therefore potentially reduced
through such broad-scale interventions). Findings showed that when improvements in water
guality/sanitation were modelled together with vaccination, most of the model-predicted
decline in incidence came from the impact of sanitation. Hence, the model predicted that
vaccination helps speed up the reduction in incidence when carriers are less important and offers
additional benefit over sanitation alone in the long run when water-borne transmission is less
important.
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Figure 6: Combined impact of sanitation and vaccination on the projected weekly incidence

of typhoid
c_=95% ¢ =75% c =25% c =5%
P P P [
15 15 15 15
R. R
ok 104 10 10 10|
! .
51 5 P ——— 5 'l'l,.‘\m % 5 m JM,M'\ /
oA A AR
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
15 15 15 15¢
R, R
ow 0
’ 10} 10 10 10},
=50% | I H
51 5 5 "J'Mﬁm S
11— r\m\_‘ ! Wb, .“‘ﬂmnmk
0. —— — — 02, - - e— - - - — — - L - P . "
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 S50
15 15 15 15¢
R, R
0w 0 40| 10 10 fiu 10 |
= 75% H I
5 5 5 |,.m 5
0-— oM;,, — L mf‘""\,—. L 'W'”“i“:__.
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
15¢ 15 15 15
R. R |
0w 0 40 f 10 10 il 10
= 100%
’| y me‘\ ‘ I' mm S
() e ob——— coe IR .
0 10 20 30 40 S0 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Year Year Year Year

Pitzer VE, Bowles CC, Baker S, Kang G, Balaji V, et al. (2014) Predicting the Impact of Vaccination on the Transmission Dynamics of

No intervention

Sanitation only

Sanitation+vaccination

Typhoid in South Asia: A Mathematical Modeling Study. PLOS Neglected Tropical Diseases 8(1): e2642.
https://doi.org/10.1371/journal.pntd.0002642
https://journals.plos.org/plosntds/article?id=10.137 1/journal. pntd.0002642

Bottom line message:

dd)A recent model predicts that combining TCV with ongoing improvements in
sanitation is expected to lead to a sustained decline in typhoid incidence under most
scenarios and could potentially lead to elimination.

iv.  The cost-benefit of TCV introduction in Rl Vs. no vaccine for typhoid disease
Immunization is a priority intervention with potential economic benefits beyond just health
benefits. Results from a systematic literature review by Ozawa, et al. (2012) aimed at
documenting available evidence on the economic benefits of vaccines in LMICs from 2000 to
2010 show that vaccination in LMICs brings important economic benefits including greater future
wage-earning capacity and cost savings from averting disease outbreaks®®. The review also
identified evidence that vaccinations provide long-term and societal economic benefits such as
morbidity-related productivity gains, averted catastrophic health expenditures, growth in

%0 Ozawa, S., et al., 2012. Cost-effectiveness and economic benefits of vaccines in low-and middle-income
countries: a systematic review. Vaccine, 31(1), pp.96-108.
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gross domestic product (GDP), and economic implications of demographic changes resulting
from vaccination.

While vaccines are considered to be a cost-effective public health intervention, implementation
has become increasingly challenging. An analysis of the cost-benefit of typhoid fever
immunization programmes in India by Poulos et al. (2004) illustrating why typhoid vaccination
programmes may often appear to be unattractive to public-health officials who adopt a public
budgetary perspective, concluded that under many plausible sets of assumptions, public-sector
expenditure on typhoid vaccination does not yield comparable public-sector cost savings®. The
findings showed that while there are many situations in which different vaccination programmes
will make economic sense, public-health officials should adopt a societal perspective on the
economic benefits of vaccination. This statement was found to be true especially when public
decision-makers recognized that (a) blood culture-positive cases underestimate the incidence of
typhoid fever and (b) avoided costs of illness represent a significant underestimate of the actual
economic benefits to individuals of vaccination.

Bottom line message:

ee) Vaccination in LMICs brings important economic benefits, including greater future
wage-earning capacity and cost savings from averting disease outbreaks. Evidence
shows that vaccinations provide long-term and societal economic benefits such as
morbidity-related productivity gains, averting catastrophic health expenditures,
growth in gross domestic product (GDP), and economic implications of demographic
changes resulting from vaccination.

4. OPERATIONAL CONSIDERATIONS
i.  Vaccine availability

WHO has prequalified two TCVs from different manufacturers so far. As of May 2022, data from
UNICEF product menu on Gavi-supported vaccine products that UNICEF procures on behalf of
countries shows that TCV supply exceeds demand from 2022 to 2025.
https://www.unicef.org/supply/media/13181/file/Gavi-product-menu-May-2022.pdf

In line with WHO recommendations, Gavi provides support for nationwide introduction of TCV
into the routine immunization schedule through vaccine co-financing and, depending on the
country context, a targeted one-time catch-up immunization of up to 15 years of age based on local
typhoid epidemiology®. According to the information on the Gavi website, Gavi funds the vaccine

%1 Poulos, C., et al., 2004. A cost-benefit analysis of typhoid fever immunization programmes in an Indian urban
slum community. Journal of Health, Population and Nutrition, pp.311-321.

92Gavi Typhoid vaccine. https://www.gavi.org/types-support/vaccine-
support/typhoid#:~:text=appropriate%20immunisation%20strategies.-
,Gavi%20support,based%200n%20local%20typhoid%20epidemiology [Accessed on 05 October 2022]
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itself, injection supplies and a grant to cover introduction costs. Support for TCV was Board-
approved in late 2017, and the application window opened mid-2018.

ii.  Thecurrent price per TCV dose

The direct TCV vaccine cost at Gavi price (both Typbar and TYPHIBEV) is currently $1.39 per
dose. Direct vaccine cost includes only the cost of the vaccine and does not include any
associated costs, including but not limited to freight, cold-chain costs, administrative costs,
customs clearance and wastage or cost derived from the wvaccine delivery.
https://www.gavi.org/sites/default/files/document/support/TCV-Vaccine-Profiles.pdf

Similarly, data from UNICEF product menu on Gavi-supported vaccine products as of May 2022
shows the projected weighted average TCV price per dose at $1.07 in 2022, $1.39 in 2023 and
2024, and pending tender in 2025, as shown in the table below:

Table 26: The projected weighted average TCV price per dose at $1.07 in 2022, $1.39 in 2023

and 2024, and pending tender in 2025

PRODUCT MENU FOR VACCINES SUPPLIED BY UNICEF FOR GAVI, THE VACCINE ALLIANCE

f Sy gy Sl g
TeY Liquid J i 1 1 : WK Vi q il q kil {:1 il '{1 aids | HIT | 0B | BB
il ]

Pening
Tindér

i tunid
Nt on penal product avaably:
) Supply excendsearrnd demand.
| Ll aupply.Reuirs it e gt sy
Vory it suply.

| i ity s e b e
Source: https://www.unicef.org/supply/documents/typhoid-conjugate-vaccine-tcv-price-data

iili.  The cost per fully immunized child in Uganda

PATH estimated the government cost per child vaccinated at $0.48 if TCV is introduced in a
nationwide campaign followed by RI targeting children aged 1 to <15 years®.The estimates
assumed that Gavi would fully finance the procurement cost of the vaccine, and injection supplies
and provide an operational grant support of $0.65 per targeted child for the campaign.

This estimate assumed that for the routine, the government would be responsible for an average
co-financing of $0.20 per dose during the period, injection supplies, and introduction/recurrent
costs (Gavi covers remaining procurement costs) between 2023-2027. This estimate also assumed
that if the country introduced TCV in 2023, Gavi would provide a vaccine introduction grant
of $0.80 per child in the birth cohort to cover for introduction activities. It should be noted that
Uganda is classified as an initial self-financing (ISF) for the next five years according to Gavi’s

9 PATH: TyVAC cost data presentation to the UNITAG working group on typhoid on August 12, 2022.
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latest country co-financing fact sheet (LICs with gross net income per capita below US$ 995 in
2019 were classified as “initial self-financing).

PATH also calculated that should TCV be introduced in RI only, the government would incur a
cost of $1.38 per child vaccinated as demonstrated in Table 27.

Table 27: Summary cost estimates, 2023-2027

()
Scenarios Number of Total vaccine Total Gavi Couniry cost Government
children program costs contribution cost per child
vaccinated | (procurement + delivery) vaccinated
Scenario 1: nationwide 25.5M $66.2M $54.0M §122 M $0.48
(ocampaign .

(1 - <15-year-olds) and
nationwide RI

iScenario 2: nationwide 7.6M $22.9M $12.4M $10.5M $1.38 l
Rl only

IEEREEEEE o _

Source: PATH: TyVAC cost data presentation to the UNITAG working group on typhoid on June 15, 2023.

The evaluation assumed that vaccine and supplies price (UNICEF cost per unit: vaccine at$1.39;
syringes at $0.04; and safety boxes at $0.58 per -100 syringes per box) remain constant from 2023-
2027, vaccine co-financing status to stay constant during period, and no shipping, handling, and
insurance costs were included. It was also noted that all costs used in this analysis are subject to
fluctuations and that the costs noted above should be viewed as estimates that are impacted by
many factors and subsequently may change.

iv.  The estimated cost of introducing TCV to infants in Uganda

PATH analyzed two vaccine introduction scenarios in Uganda- RI only and Campaign plus RI -
and estimated costs associated with the vaccine introduction in the country as summarized in the
tables below.
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Table 28: Scenario 1: Nationwide routine only (9-months-olds)

Vaccinated children and doses needed 2024-2027 Total
Target population 1,658,827 6,771,420 8,430,246
Total children vaccinated 1,492,944 6,094,278 7,587,221
Total vaccine doses reiuired 2,129,640 7,181,345 9,310,986
Total Vaccine procurement cost 2,960,200 9,982,070 12,942,270
Total injection supplies procurement costs 78,706 309,803 388,508
Total procurement cost 3,038,906 10,291,873 13,330,778
Country vaccine co-financing amount 425,928 1,436,269 1,862,197
Total country procurement cost 504,634 1,746,072 2,250,705
VIG received from Gavi 1,327,061 0 1,327,061
Recurrent costs (hon-vaccine) 1,881,109 7,678,790 9,559,899
Total country cost 1,058,682 9,424,861 10,483,543

Source: PATH: TyVAC cost data presentation to the UNITAG working group on typhoid on June 15, 2023.

The estimates show that if Uganda is to introduce TCV via Rl only, 7.6 million children would be
vaccinated from 2023 to 2027 at an estimated country cost of approx. $10.5 million. Routine
delivery costs were based on financial cost per dose in Zambia, and incremental costs per dose for
PCV inflation were adjusted to $1.26 (2022 USD)%. However, it was noted that the cost estimates
were based on existing literature and data, not detailed costing analyses.

Table 29: Scenario 2: Nationwide campaign (1 — <15-year-olds) and nationwide RI for 9-
months-olds

Vaccinated children and doses required Campaign Routine Total
2023 2023 2024-2027 2023-2027
Target population 19,924,959 1,658,827 6,771,420 28,355,205
Total children vaccinated 17,932,463 1,492,944 6,094,278 25,519,684
Total vaccine doses required 19,924,959 2,129,640 7,181,345 29,235,944
Costs (US$) Campaign Routine
Total vaccine only procurement cost 27,695,692 2,960,200 9,982,070 40,637,963
Total injection supplies procurement costs 912,564 78,706 309,803 1,301,072
Total procurement cost 28,608,256 3,038,906 10,291,873 41,939,035
Countryvaccine co-financing amount 0 425,928 1,436,269 1,862,197
Total country procurement cost 0 504,634 1,746,072 2,250,705
Gavi operational grant/VIG received 12,951,223 1,327,061 0 14,278,284
Immunization delivery costs (non-vaccine) 14,704,619 1,881,109 7,678,790 24,264,518
Total country costs 1,753,396 1,058,682 9,424,861 12,236,939

On the other hand, the cost of introducing TCV via a nationwide campaign targeting approximately
19.9 million children aged 1 to <15 years in Uganda was estimated to be roughly USD$1.8M, on
the assumption that the campaign starts in 2023 targeting to vaccinate a total of 17.9M children
<15 years of age (19.9M doses) at a 90% coverage and 10% wastage rate with no buffer stock
included. Campaign delivery costs were based on the incremental financial cost of oral cholera

9 Guthrie, T., et al., 2016. Costing and financing analyses of routine immunization in Uganda. Technical report.
http://www. Immunization costing. org, accessed July.
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vaccine campaign in Ethiopia®. The cost per dose inflation was adjusted to $0.82 (2022 USD)
including introduction and operational costs.

The estimates further show that if the country is to introduce TCV via a nationwide campaign and
RI targeting the same age group, 25.5 million children would be vaccinated from 2023 to 2027 at
an estimated total country cost of approx. USD$12.2 million.

The key difference between the two scenarios is that the campaign scenario is likely to have
immediate impact on typhoid disease burden while benefits of RI accrue over time. Moreover,
vaccinating a larger cohort via campaign lowers the cost per fully immunized child due to Gavi
campaign support. In addition, including a campaign mode allows for the opportunity to receive
operational grant to offset introduction costs for the RI program.

Table 30:Co-Financing Projections for 2020-2024%

Co-financing projections for 2020 - 2024

$4.00
$3.44 $3.56 # MR routine
s350 { (9330 §321 33.32
$3.00 ; Rota
0 $2.50 i BPCY
25200 |
= u Penta
$1.50
$1.00 - ® HPV national
$0.50
5 : : :
2020 2021 2022 2023 2024
2020 2021 2022 2023 2024
HPV national § 251407 § 263772 § 276,832 § 290,200 § 303,855
Penta § 715997 § 747030 § 772434 § 798236 § 824 381
PCV § 715997 § 747030 § 772434 § 798,236 § 824381
Rota § 465228 § 485163 § 501477 § 518041 § 534,821
MR routine $ 1150244 § 962703 § 997562 $ 1033020 § 1,069,006
Total $ 3208872 § 3205697 § 3,320,739 $ 3437733 S 3,556,444

% Immunization Costing Action Network (ICAN): A systematic review of immunization delivery cost in low-and
middle-income countries.
https://staticl.squarespace.com/static/556deb8ee4b08a534b8360e7/t/5e4€9418dbed0d592f94d8bf/1582208033
613/1.+ICAN+Summary+Report_29January20.pdf

% https://www.gavi.org/sites/default/files/document/co-financing-information-sheet-ugandapdf.pdf
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Table 31: Projection of TCV Program Cost

2025 2026 2027 2028 2029
Immunized |, ge3 565 | 1,808,861 1,843,286 1,877,711 1,912,136
children
Cost of
vaccines and | $599,782 $519,319 $529,169 $539,018 $548,868
supplies®’
Immunization
delivery $2,722.517 | $2.279.165 | $2,322.541 | $2.365,915 | $2,409,292
cost®
Totalcostto | o3 355 399 | $2,798.484 | $2.851,710 | $2.904,933 | $2,958,160
government

TCV program assumptions include TCV introduction in 2025, starting with a campaign followed
by the start of routine immunization targeting 23,454,583 individuals aged 1 to 15 years with an
anticipated coverage of 90% for both the campaign and routine immunization.

Table 32: Projection of Co-Financing for TCV
2025 2026 2027 2028 2029

Routine: Routine: Routine: Routine: Routine:
Co-financing for $506,237 $427,336 $435,436 $443,535 $451,636
TCV doses
(US$) Campaign:
$0
The cost assumptions for co-financing projections for TCV include vaccine and injection supplies
(syringes and safety boxes)provided for free by Gavi. During the routine immunization, the
vaccine costs $0.20 co-financing per dose,$0.04 per syringe, and $0.58 per safety box. However,
the shipping and handling costs have not been accounted for. The immunization delivery cost
during the campaign is $0.82 per dose delivered and $1.26 per dose delivered. Additionally, the
Gavi support during the campaign, the operational grant support equals $0.65 per targeted child,
and the vaccine introduction grant equals $0.80 per child in the birth cohort.

v.  The potential wastage rate of administering TCV to children at 9 months of age
Typhoid conjugate vaccines are available in 5-dose/vial presentation with an indicative wastage
rate of 10% in routine settings. However, according to PATH estimates, this rate was estimated to
further reduce in a campaign scenario. In addition, Gavi estimates the 2022 wastage adjusted
vaccine cost per fully immunized person to be $1.19%.

Bottom line messages:

97 Cost of vaccine and supplies = co-financing for routine vaccines + safety boxes cost for routine + Syringes cost for
routine

%8 Immunization delivery cost = (cost per dose X number of doses delivered) + (cost per dose X number of doses
delivered) — Vaccine Introduction Grant — Campaign Operational Grant Support

9 https://www.gavi.org/sites/default/files/document/support/TCV-Vaccine-Profiles.pdf
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ff) Gavi will provide support for nationwide introduction of TCV into the routine
immunization schedule through vaccine co-financing and a targeted one-time catch-
up immunization of up to 15 years of age based on local typhoid epidemiology.

gg) The direct TCV vaccine cost at Gavi price (both Typbar and TYPHIBEV) is currently
$1.39 per dose. (Direct vaccine cost includes only the cost of the vaccine and does not
include any associated costs).

hh) The estimated government cost per child vaccinated is $0.48 if TCV is introduced in
a nationwide campaign followed by RI targeting children aged 1 to <15 years.

i) Estimates show that if Uganda introduces TCV via a nationwide campaign (1 to <15-
year-olds) and RI targeting 9 month olds, 25.5 million children would be vaccinated
from 2023 to 2027 at an estimated total country cost of about USD $12.2 million.

jI) The co-financing cost for vaccines will be lower than $500,000per year. Vaccines for
use in the campaign will be provided free of charge by Gauvi.

5. HEALTH POLICY AND PROGRAMMATIC CONSIDERATIONS
i. TCV characteristics

While most characteristics for the two TCVs are similar, they mainly differ in composition and
shelf life. Product information for vaccines and cold chain equipment shows that Typbar-TCV is
a purified Vi-Capsular Polysaccharide of S. Typhi strain Ty2 conjugated to tetanus toxoid carrier
protein in isotonic saline; TYPHIBEV is a Vi polysaccharide obtained from genetically modified
Citrobacter freundii sensu lato 3056 and conjugated to CRM197%°. Also, Typbar has a longer
shelf life of 36 months while TYPHIBEV has a shelf life of 24 months.

As detailed in Annex 2, below is a summary of some of the TCV characteristics that similar:.
1. Both are recommended for storage under normal temperature of +2°C to +8°C.
2. Both have a vaccine vial monitor (VVM30)

In summary, the detailed TCV characteristics indicate that addition of TCV into the existing EPI
systems would be easy and less constraining in regard to vaccine storage and administration.

ii.  Proportion of children between 6 months and 2 years reached through UNEPI

Data from MoH as of October 04, 2022, shows that the program targets approximately 4.3% of
1,901,151 surviving infants aged 0 to 11 months for; MR1 at 9 months, MR2 at 18 months; YF at
9 months for vaccination; vitamin A at 6months; and deworming at 1 year as shown in the figure
below:

100 Gavi, The Vaccine Alliance. Product information for vaccines and cold chain equipment. Available from:
https://www.gavi.org/sites/default/files/document/support/TCV-Vaccine-Profiles.pdf [Accessed 14 September
2022].
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Figure 7: Proportion of children between 6 months and 2 years reached through UNEPI

Population Category targeted [Target Proportion [Target Population
,-} — 11 months
- 2,144,311
4.85% .
{Live Births)
0 - 11 months 1.901.151
130% o
{Surviving Inftmis)
tmonths-59 months
16.20% 7,162,474
Fitamin "A"
Lyear — 14 years 21,796,911
49.30% 21,7863
Dewarming
WCBA 15— 49 vears
)30 10,168,944
IT Imnmunization
Girls 10 vears
1.53% o50878
HFV Immunization
Pregnant women
- 2,210,640
IT Immunization
Non pregnant women 7,958,304
. 15%
IrliH Nﬁ TT Immunization Gavi @

Source: MoH data from the UNEPI M&E specialist accessed on October 7, 2022

iii.  Coverage and timeliness of other vaccines administered at 9 months of age in Uganda

MoH coverage data as of October 04, 2022, showed that access to measles vaccine administered
at 9 months of age has improved over the last 4 years from 80% in financial year 2019/2020 to
>90% in 2020/2021 and 91% in 2021/2022, hence indicating good access to children aged 9
months of age. This means that introducing TCV in the program would be feasible and would have
a high coverage.
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Figure 8: Coverage of other vaccines administered at 9 months of age in Uganda 2018 - 2022

2018-2019 2019-2020 2020-2021 2021-2022
BCG 88% 79% 83% 85%
DPT1 103% 92% 97% 98%
DPT2 95% 87% 91% 92%
DPT3 93% 85% 91% 92%
1PV 88% 73% 90% 91%
Measles 87% 80% 90% 91%
PCV 1 100% 92% 97% 99%
PCV 2 94% 87% 91% 93%
PCV 3 92% 85% 91% 93%
Polio O 74% 72% 77% 79%
Polio 1 103% 98% 97% 98%
Polio 2 94% 97% 91% 93%
Polio 3 92% 84% 91% 93%
Rotavirus 1 96% 90% 94% 94%
Rotavirus 2 88% 84% 87% 86%
HPV1 115% 95% 96% 105%
HPV2 65% 38% 56% 56%
TT2+_Preg Women 75% 58% 64% 58%
TT2+_Non Preg Women 6% 3% 5%
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Table 33:Uganda Routine Immunization Schedule 2023

Routine Immunization NEW Schedule

months , Td 4 dose
lafter | year, Td 5
dose afler 1 year.

(15-49 years)

Storage
Vaccine/ Min. Interval per Mode of Site of
Dose: Min. T
Antigen Dosage $ dosage Sonsa Administration | Administration emr:?é)amre L
0.05ml up
to 11112 At birth or first o Only use diluent
BCG 0.1ml after 1 N/A oAt Intra dermal Rt Upperarm  [+2to+8 °C provided
1112
At 6 wks or first )
DPT-HepB-Hib | 0.5ml 3 4 weeks contact after 6 M L wgr;:p:;r outer L b +8 °C Do not freeze
weeks P
At birth or within 24 Intramus cular, Outer
Hep B birth dose 05 1 None Hours after birth up M Upper Aspectof Left|+2 to 48 °C Do not freeze
to 7 days Thigh
- Itis notaltered by
OPV 2 drops &) 4 weeks oL blrlhw:; Eeat Oral mouth *2to+8 "C freezing
IPV it - 8 Weeks 6 Weeks M Intramuscular,fight |, o 15 +8%C DO NOT FREEZE
upper thigh
Rotavirus vaccine | 13 ml 2 4 Weeks 6 Weeks Oral Mouth #2to+8 "C Do not freeze
0.5 1 Itis notaltered by
Yellow Fever None 9 Months IM Intramtlxscular,Upperﬂ to+8 °C freezing
right Arm
Measles- Rubella AL z 9 Months 9 months Subcutaneous (SC) LtUpper Arm +210+8 °C Onl::;;del‘ljuent
PCV 0.5ml 3 Ay | [ M Rt Thigh upperouterl,, g oc Do not freeze
weeks aspect
0.5ml 2 10 year old girls in
HPV 6 months school and in the M Upperarm +21o0+8 °C Do not freeze
community
[Td1- First contact
:‘;‘:e‘:"ff;fr‘: I_i";ks First contact with
Tetanus Toxiod " |pregnantor women 0
diphtheria(Td) 0.5ml ] [Td3 Dose after 6 of child bearing age M Upperarm +2to+8 °C Do not freeze

Source: MoH -UNEPI performance data to UNITAG as of October 04, 2022

i.  Impact on human, technical, logistics and financial resources if TCV is introduced in
the immunization program in Uganda

TCV introduction in the immunization program may have minimal impact on the existing human,
technical and logistical resources. Since TCV can be safely co-administered with MR which,
according to MoH coverage data as of October 04, 2022, shows good access, its introduction will
not require additional human resources. However, human resource training on a new vaccine
introduction may be required, although several administration characteristics, including mode of
administration (intramuscular) and storage temperature (+2°C to +8°C) are similar to most of the
existing vaccine characteristics already in the program, as shown in the table below. Likewise,
there may be a need to update the immunization card and the monitoring and evaluation (M&E)
tools to include the new vaccine, all of which are supported by Gavi as new vaccine introduction
costs.
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ii.  AEFI monitoring of vaccines administered at 9 months of age

Uganda has an AEFI surveillance system that was established to rapidly detect and respond on
time to AEFI, identify, correct and prevent immunization errors related reactions, facilitate AEFI
causality assessment, recognize clustering or unusually high rates of AEFI (even if considered
mild), identify signals of unknown vaccine reactions and generate new hypotheses, and effectively
communicate with parents, the community, media and other stake holders, to create awareness on
AEFIs!, The system structure allows for both monthly routine reporting as well as efficient and
immediate reporting and investigation of severe and serious AEFI. As such, the program is
currently administering measles and rubella vaccine to children aged 9 months in the program
whose AEFIs are being monitored and investigated.

Considering TCV and MR have comparable SAEs as shown in the TCV safety and tolerability
when co-administered with MR evidence, TCV AEFIs will be easy monitor and report as the
program would leverage on the existing AEFI monitoring structures for MR. However, health
workers would benefit from refresher trainings on AEFIs following TCV introduction.

iili.  The perception of the community on typhoid disease, AMR and having an additional
vaccine administered at 9 months

A qualitative study by Atuyambe et al. (2020) assessing the spread of typhoid fever in Kampala
city found that although majority of the participants were aware of the signs and symptoms of
typhoid, there were knowledge gaps in the community’s understanding of typhoid fever®2, The
study explored community understanding of typhoid to identify risk factors that propagated the
2015 typhoid outbreak in Kampala and the surrounding districts. Findings from participants
revealed a few misconceptions about typhoid, including the perception that typhoid was an
airborne disease caused by fog and affecting only specific nationals. In this regard, the study
reported that most participants derived their knowledge on typhoid symptoms from observing
typhoid patients, health education from the various communication channels, and lived
experiences by recovering patients. The participants, including community leaders, health care
providers in health facilities, health managers at district and national levels, officials in relevant
government departments both at national and subnational levels and select typhoid patients, were
engaged through focus group discussions (FGDs), in-depth interviews (IDIs) with select typhoid
patients from health units and key informant interviews (KIIs).

In addition, the study further assessed participants' understanding of typhoid prevention, and the
results show that most participants understood the strategies for preventing typhoid fever.
Participants identified key short and long-term strategies for preventing typhoid, including
community sensitization on improving personal, food and water hygiene both at workplaces and
homes; vaccination of populations at risk against typhoid; promotion of good hygiene practices;
ensuring aggressive improvements in access to sustainable safe water and sanitation in order to
prevent further spread of typhoid in urban areas; an innovative and functional Health Management

101 Guidelines-for-Adverse-Events-Following-Immunization-AEFI, 2012, accessed via https://www.nda.or.ug/wp-

content/uploads/2022/02/Guidlines-for-Adverse-Events-Following-Immunisation-AEFI.pdf

102 Atuyambe, L., Atusingwize, E. and Kayemba, C.N., 2020. “The Underground Water Sources were Contaminated”
A Qualitative Assessment of the Spread of Typhoid Fever in Kampala City, Uganda.
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Information System (HMIS) to prevent typhoid outbreak by providing early warning information
to detect possible epidemics; and a well-coordinated multi-disciplinary outbreak response team;
proper resource mobilization at national, district and village levels. As quoted in the report, a
national-level KI stressed that “if all health facilities submitted accurate real-time data,
appropriate time trend-analysis could be used for early detection of typhoid outbreak through
defined alert thresholds ”.

Similarly, a community health survey by Karen et al. (2012) assessing the large outbreak of
typhoid fever associated with a high rate of intestinal perforation in Kasese district, Uganda (2008—
2009) found that majority of the community members were willing to use a vaccine to protect their
families from typhoid fever. Findings from this community survey in 4 sub-counties (Bugoye,
Kitswamba, Kyabarungira, and Maliba) within the most severely affected health sub-district
(Busongora North) in Kasese district show that of 315 heads of households surveyed, 311 (99%)
were willing to take a typhoid vaccine if it were offered at no cost, whereas 295 (95%) of 312
reported willingness to pay a fee for the vaccine!®.

Similarly, findings from Malawi also showed that affected communities understood typhoid and
its prevention strategies. A study by Blum et al. (2014) investigating the acceptability of typhoid
vaccine during a typhoid fever outbreak in Neno District, Malawi, found that respondents
considered typhoid fever as an ‘extremely dangerous’ disease because of its rapid spread, the
debilitating conditions it produced, the number of related fatalities, and the perception that it was
highly contagious, although skeptical about the effectiveness of WASH interventions. Hence, the
perceived severity of typhoid and fear of exposure, uncertainty about the effectiveness of WASH
measures, and widespread belief in the efficacy of vaccines in preventing disease resulted in an
overwhelming interest in receiving typhoid vaccine during an outbreak®.

Overwhelmingly, most researched community members are aware of typhoid, its impact and
related complications and are ready to accept a Typhoid vaccine, which is a favorable
consideration.

iv.  The performance of vaccines given at 9 months in underserved/hard-to-reach
communities in Uganda

According to MoH, the HMIS — tool used to track vaccine coverage - does not disaggregate access
data by community category, save for refugees whose data is included among the nationals’ data.
However, available measles coverage data as of October 04, 2022, shows poor access (<90%)
among island districts, including Kalangala at 73.3%, Buvuma at 79.9%, and Buikwe at 82.6% as
shown in the map below.

103 Karen P. Neil, et al., 2012. A Large Outbreak of Typhoid Fever Associated With a High Rate of Intestinal
Perforation in Kasese District, Uganda, 2008—2009, Clinical Infectious Diseases, Volume 54, Issue 8, 15 April 2012,
Pages 1091-1099, https://doi.org/10.1093/cid/cis025

104 Blum, L.S. et al., 2014. Formative investigation of acceptability of typhoid vaccine during a typhoid fever
outbreak in Neno District, Malawi. The American Journal of Tropical Medicine and Hygiene, 91(4), p.729.
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Figure 9: Showing Measles coverage for FY 2021/2022 in Uganda

Measles Coverage, 2021 -2022

Measles Coverage
W < 50%

3 50-<90%

B >=90%

Source: MoH -UNEPI performance data to UNITAG as of October 04, 2022
Bottom line messages:

kk)While most characteristics for the two TCVs are similar, they mainly differ in
composition and shelf life.

II) Vaccine coverage data as of October 2022 showed that access to measles vaccine
administered at 9 months of age has improved during the last 4 years from 80% in
FY2019/2020 to 91% in FY2021/2022. This is a strong indicator for accessing children
aged 9 months, which means TCV introduction would be feasible and likely have high
coverage.

mm) Since TCV can be safely co-administered with MR, which, according to MoH
coverage data, shows good access, its introduction will not require additional human
resources. TCV campaigns offer an opportune time to identify zero-dose and under-
immunized children.

nn)A recent qualitative study found that most participants were aware of typhoid's signs
and symptoms, yet there were knowledge gaps and misconceptions about typhoid,
including the perception that typhoid was an airborne disease caused by fog. Most
participants, however, understood the strategies for preventing typhoid fever,
including vaccination of at-risk populations; promotion of good hygiene practices;
ensuring aggressive improvements in access to sustainable safe water and sanitation
to prevent the further spread of typhoid in urban areas.
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6. OTHER CONSIDERATIONS
a) TCV Introduction in other endemic countries

Pakistan, Liberia, Zimbabwe, Nepal and Malawi recently introduced TCV through
campaigns and routine childhood immunizations, providing protection for this vulnerable
population. Based on the WHO SAGE recommendations for TCV introduction, Gavi announced
support for TCVs in November 2017 and allocated $85 million of funding support for Gavi-
eligible countries.

In early 2019, as a response to a typhoid fever outbreak, the Zimbabwe Ministry of Health carried
out an emergency mass TCV campaign through the WHO and subsidized with Gavi funding. This
was the first programmatic use of TCV in Africa and resulted in decreased typhoid cases®.

In November 2019, Pakistan became the first country to introduce TCV into its routine
immunization schedule, a decision driven by an XDR typhoid outbreak. Pakistan used a phased
approach to ultimately vaccinate approx. 23 million children with TCV. Nearly 30 million children
were vaccinated in campaigns in Sindh and Punjab provinces. Results from the outbreak response
in Pakistan show TCV was 95% effective against blood-culture-confirmed typhoid fever and 97%
effective again XDR typhoid fever,

Liberia was the first African country to introduce TCV in a non-outbreak setting, starting with a
week-long campaign in April 2021 for children aged 9 months to younger than 15 years, followed
by integration into the country’s routine immunization program.

In May 2021, Zimbabwe began its large national TCV campaign, aiming to vaccinate 6.2 million
children aged 9 months to younger than 15 years. Following this campaign, through their EPI,
TCV will be available for administration alongside the measles vaccine for all 9-month-old
infantst%’.

Nepal introduced TCV in April 2022, beginning with a 3-week campaign to reach 7 million
children aged 15 months to 15 years old at 50,000 vaccination sites across the country'%®. Nepal,
the fourth country to introduce TCV is a typhoid-endemic country estimated to have one of the
highest typhoid burden globally with increasing rates of drug-resistant typhoid 1.

105 0laru  ID, Mtapuri-Zinyowera S, Feasey N, Ferrand RA, Kranzer K. Typhoid Vi-conjugate vaccine for outbreak
control in Zimbabwe. Lancet Infect Dis2019; 19:930.

106 yousafzai MT, Karim S, Qureshi S, et al., 2021. Effectiveness of typhoid conjugate vaccine against culture-
confirmed Salmonella enterica serotype Typhi in an extensively drug-resistant outbreak setting of Hyderabad,
Pakistan: a cohort study. Lancet Glob Health2021; 9:e1154-62.

107 Oberman E. Typhoid conjugate vaccine arrives in Zimbabwe,2021.
https://www.coalitionagainsttyphoid.org/typhoid-conjugate-vaccine-arrives-in-zimbabwe /. Accessed 23
September 2022.

108 Coalition against Typhoid: Take on Typhoid Newsletter June 2022.
https://www.coalitionagainsttyphoid.org/take-on-typhoid-newsletter-june-2022/ [Accessed on 01 October 2022].
109 UNICEF. Nepal introduces typhoid vaccine into routine immunisation across the country.
https://www.unicef.org/nepal/press-releases/nepal-introduces-typhoid-vaccine-routine-immunisation-across-
country [Accessed on 01 October 2022]
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TCV campaigns present an opportunity to identify zero-dose and under-immunized children. A
recent case study from Nepal, based on the 2022 TCV introduction, highlights how children who
presented for TCV can be screened for previous vaccines and referred for follow up vaccinations.
In Nepal, micro planning prioritized low coverage or hard-to-reach communities and health
workers were trained to identify and refer zero dose children*?°,

Malawi conducted an intergrated TCV campaign in May 2023, offering Bopv and MR, as well as
Vitamin A supplementation alongside TCV.More than 7 million children were reached with TCV
in the week-long campaign®**.

Table 34: Gavi-supported TCV introductions as at 2023

Pakistan Nationwide (phased) campaign; transition Campaign: 9 month to National epidemiclogical data; ecological
to routine immunization (RI) following younger-than-15 years conditions that promote typhoid
campaign. RI: 9 months transmission.

Liberia Nationwide campaign; transition to RI Campaign: 9 monthsto  Neighboring country, regional, and global
following campaign. younger-than-15 years data to project local burden and risk

RI: 9 months

Zimbabwe Nationwide campaign (integrated with Campaign: 9 months to  High disease burden nationwide, esp. in
HPV & IPV); transition to Rl following younger-than-15 years younger age groups. Leverage 9 months
campaign. Rl: 9 months co-administration with MR. Easier to reach

children at 9 months vs. 18 or 24 months.

Nepal Nationwide campaign; transition to RI Campaign: 15 months to  National burden data; vaccine
following campaign, younger-than-15 years coverage/acceptance data; increase
Rl: 15 months update of TCV + MCV2; crowded 9-month
Rl visit.

Source: PATH: TyVAC Presentation on TCV to UNITAG’s Typhoid Working Group on June 15, 2023.

110 https://zdlh.gavi.org/
111 https://www.coalitionagainsttyphoid.org/scenes-from-malawi/Accessed 14 November 2023
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Bottom line messages:

00) Pakistan began introduction of TCV in Sindh Province in November 2019. Pakistan

completed its phased introduction in October 2022, reaching more than 30 million
children in campaigns. TCV is now available nationwide in routine immunization.

pp)Liberia and Zimbabwe introduced TCV into their routine childhood immunization

programs in 2021. Liberia vaccinated more than 1.5 million children and Zimbabwe
aimed to vaccinate more than 6 million children during the introduction campaigns.
Nepal introduced TCV into its routine childhood immunization program in 2022 and
aimed to vaccinate more than 7.5 million children during its introduction campaign.
Malawi conducted an integrated TCV campaign in May 2023, reaching more than 7
million children.

gqg)More than 56 million children have been vaccinated during TCV campaigns to date.

C. UNITAG CONCLUSIONS
Having carefully analyzed the evidence above, the UNITAG thus concludes:

1.

Uganda is a typhoid-endemic country, with children under five being the most
disproportionately affected. Persons with poor sanitation facilities are most at risk for the
infection. In Uganda, definitive diagnostic tests for typhoid fever such as blood culture are
usually unavailable, unaffordable, or inconsistently applied. Typhoid diagnosis and
surveillance often rely on clinical judgment or the Widal test which has poor sensitivity
and specificity.

Typhoid Intestinal Perforations (TIP) is a serious complication resulting from poorly or
untreated typhoid. These cases require long hospital stays and need surgical procedures
that are costly and unavailable in most lower health facilities.

Typhoid is typically treated with antibiotics, however increasing cases of Multi-Drug
Resistant typhoid strains have been reported globally with resistance to three first-line
antibiotics (chloramphenicol, ampicillin, cotrimoxazole). Multi-drug resistance has
evolved to more extensively drug-resistant typhoid (XDR) and Uganda is among the top
ten at-risk countries.

Typhoid Conjugate Vaccines are safe and immunogenic when administered as a single
dose to children aged 9 months to 15 years of age. TCVs can be safely co-administered
with other vaccines at 9 months of age such as Measles Rubella, Meningitis, and Yellow
Fever Vaccine. Data from Malawi show that a single dose of TCV offers safe and durable
protection up to 4 years.

Vaccination with TCV alongside investment in water, sanitation, and hygiene will
drastically reduce typhoid cases in the country.

Establishment of baseline surveillance for the prevalence of typhoid Fever in Uganda be
conducted to enable Impact Analysis post TCV introduction

UNITAG’S RECOMMENDATIONS
The UNITAG recommends the introduction of Typhoid Conjugate Vaccine in Uganda’s
routine immunization schedule as a single dose at 9 months, starting with a catch-up
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campaign targeting 9 months to 15 years. This will reduce health inequity, address
antimicrobial resistance, and reduce the occurrence of typhoid outbreaks. Having a catch-
up campaign reaches a larger cohort and presents an opportunity to advocate for better
WASH facilities which are critical in typhoid prevention.

E. OTHER CONSIDERATIONS
Roll-out options:

1. Full country introduction

A full country introduction poses the least logistical challenges. There are opportunities to
administer one dose of TCV at 9 months of age with MCV1, -18 months of age with MCV2,

recognizing that in many places the appreciable burden of typhoid fever starts to appear at 12
months of age.

2. Other Typhoid prevention and treatment strategies.
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ANNEXES

1. MoH Request for guidance to NITAG

Velephome! General Uines 386407 - F11240

inistry of Health
Fermanent Secrotary's OfMes) 256 = 417712121

PO Box 71T
:nlll:p_\.esqllm = :Io;:."ll:;n: ol Kead,
ot e beallbam
’ ransE A KAMPALA,
B ARY (R UGANDA

ARITSHINTIFNGE 08
THIS SUIRECT PLEASE QUOTE NE: ABMA0S0818
30" June 2022

The Chairperson
NITAG

Dear Sir,

REQUEST FOR NITAG's GUIDANCE AND RECOMMENDATION ON THE
INTRODUCTION OF RTSS/AS01 MALARIA VACCINE AND TYPHOID
CONJUGATE VACCINE

On behalf of the Ministry of Health and Ugands Naticnal Expanded Program
on Immunization ([UNEPL), 1 write to request for NITAG'S guidance on the
introduction of the RTSS wvaccine s part of the currently recommended
Malarin Control interventions 1o reduce under-five child mortality in Uganda,
It is estimated that Upanda contributes 5.4% to the global burden of malaria,
making it the third highest malaria burdensd country, it also contributes
30,900 (3.5%) estimated deaths, (World Malaria Report, 2021).

The Ministry of Health (MOH) has followed with lkeen interest the
developments around the RTES/AS01, In 2021, WHO prequalified RTSS and
in the same year, Gawi included RTSS in the Gavi supported vaceines list. In
May 2022, Uganda expressed interest to introduce the malafia vaceine
RTS5/AS01, including participation in the planning workshops/meetings to
prepare the application package as part of the September 2022 process.

1 similarly request NITAG'S guidance on the introduction of Typhoid
Conjugate Vaccine (TCV) as part of the Toutine infant immunization schedule
o control Uganda's typhoid burden, particularly the alarming rates of drug-
resistant Typhoid. WHO has prequalified twe TCVs—Typbar TCWVE and
TYPHIBEV®. Gavi, the Vaccine Alliance, provides financial support for eligible
countries to introduce TCV into their routine immunization pregrams,

Uganda is a typhoid endemic country, facing more than 41,700 cases of
typhoid annually (2019). This is likely an underestimate due to the
challenges and limitations with blood culture diagnosis, Typhoid recovery can
be long and difficult, placing a high health toll and economic burden omn
Uganda's familics and health system. Drug-resistant typheid strains are a
growing problem in Uganda. During the 2015 outbreak in Kampala, which
caused more than 10,000 suspected cases of typhoid, one analysis found
that 22.7% of lsolates had multidrog resistance genes, and all showed
reduced susceptibility to ciprofloxacin. As drug-resistant typhoid becomes
maore commeon, it will become more difficult to treat and fores the use of more

expensive and less readily-available treatment options. TCV can protect
apgainst transmission of drug resistant typhoid

Ugatida's immunization program is among the most successful government
interventions in reducing child mortality. The counlry has consistently
maintained high coverage rates with a vaccination coverage for tracer
vaccines for 2021 at 91% for DPT3, 90% for MR1 and 90% for 1PV, Adding
the RTSS/A%01 and TCV will further strengthen the program and protection
of our children,

I therefore write to request NITAG's guidance on the introduction the malaria
vaceine RTS8/ AB01 and TCV,

Yours sincerely,

qee =

Dr. Daniel J. Kyabayinze
FOR: DIRECTOR GENERAL HEALTH SERVICES

CC: Hon, Minister of Health

CC: Hon. Minister of State for Health —General Duties

CC: Hon. Minister of State for Health-Primary Health Care
CC: Permanent Secratary

i Direetor Health Services-Public Health

Commissioner Health Services-NDC
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ON THE Gavi(é MENU

The Vaccine Aliance

The vaccines listed below are currently offered by Gavi
and listed in the country application portal.

Vaccine group® Typhoid Conjugate Vaccine
Vaccine type’ Vi Capsular Polysaccharide-Tetanus Toxoid Conjugate Vaccine
Serotypes* Ty2 Salmonella Typhi | Vi polysaccharide produced from Citrobacter freundii sensu lato 3056 (Vi)

Presentation (doses per container, primary container
type, pharmaceutical form)1

TCV, 5 dose/vial, liquid

Product availability 2022*

supply exceeds demand

Routine and/or campaign

routine and campaign

. 3
WHO recommended vaccine schedule

Single dose for infants and children over 6 months of age (suggested at 9 months or 15-18 months of age) and if possible, one-time single dose catch-up

vaccination of children up to 15 years of age

Estimated 2022 price per dose (USD)*

$1.07
Doses per fully immunised person 1
2022 price per fully immunised person (USD) * $1.07
Indicative wastage rate’ 10%
2022 wastage adjusted price per fully immunised 5119
person (USD)4
Manufacturer’ Bharat Biotech International Biological Evans Limited
Vaccine trade name’ TYPBARTCV TYPHIBEV
Country of manufacture” India
National regulatory agency" CDSCO (India)
WHO PQ-date’ 22/12/2017 | 04/12/2020
Administration" intramuscular
Secondary packaging’ CarAton of 36 vials (180 doses) Cz?rton (?f 48 vials (240 doses)
Dimensions: 11x11x4.5 cm Dimensions: 4.5x10.8 x 14.5
Shelf-lfe’ 36 months at 2-8°C 24 months at 2-8°C
Cold chain volume per dose (cmg)l 29cm’
Vaccine vial monitortype1 Type 30

Handling open vials

WHO recommends that opened vials of this vaccine should be discarded 6 hours after opening or at the end of the immunization session, whichever comes

first®
Controlled Temperature Chain (CTC)" n/a
WHO PQ|ink1 https://extranet.who.int/pqweb/content/typbar-tcv-0 I https://extranet.who.int/pgweb/content/typhibev%C2%AE-0
Remarks WHO' n/a
Notes n/a
Vaccine price commitments n/a

1 Source: WHO PQ webpage: WHO updates these webpages as new information on products becomes available. Please refer to these pages (WHO PQ link) for the most up-to-date information. For presentations no
2 Source: UNICEF PRODUCT MENU FOR VACCINES SUPPLIED BY UNICEF FOR GAVI, THE VACCINE ALLIANCE (https://www.unicef.org/supply/media/10501/file/Gavi-product-Menu-Dec-2021.pdf)
3 Source: WHO position paper: http://www.who.int/immunization/documents/positionpapers/en/

4 Source: Gavi Secretariat, see definitions tab for details

5 Source: Review of WHO vaccine wastage rate tool, 2021
6 Open vial policy currently under review by WHO PQ with consideration to change to: WHO recommends that vials may be used up to 28 days after opening, provided that the product is appropriately handled and ¢
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{fﬁ\ World Health
(*#.¢ Organization

Comparison table of WHO prequalified typhoid conjugate vaccines (TCVs)

Characteristics Typbar TCV® (Bharat) TYPHIBEV*® (Bialogical E)
Compaosition Salmanelo Typhi Vi polysaccharide conjugated to tetanus toxoid Vi polysaccharide prepared from Citrobocter freundii sensu late®
conjugated to CRM (1-3).
Immunogenicity Single dose Typbar TCV elicited a protective immune response” Clinical trial immunogenicity data establish non-inferiority to Typbar
amaong children and adults aged & manths to 45 years (2, 5-7). TCV. Among individuals 26 months to <64 years of age, 95.59% had
protective immune response (8"
WHO prequalification | December 2017 December 2020
WHO recommendation | « WHO recommends TCV as a single dase (0.5 miL) for individuals 26 manths to <45 years of age in typhaid-endemic regions.
for programmatic use | « WHO encourages routine programmatic administration of TCV at 9 months of age, or in the second year of life. Catch-up varination up to 15 years
i2) of age is recommended when feasible and supported by epidemiclogical data.
Comparability of Based on non-inferiority data, these vaccines are expected to have similar performance despite difference in the conjugation protein.
products
Efficacy/effectiveness | Efficacy Efficacy/effectiveness data are not yet available.
{Blood-culture Nepal: 79.1% (95% CI, 62.0%, 88.5%), 9 months—16 years of age, 2
confirmed typhoid years follow-up (5).
fever in endemic Malawi: 80.7% (95% CI: 64.2%, 89.6%), 9 months-12 years of age,
settings) 18-24 months follow-up (6).
Effectiveness
India: 80.2% (95% CI: 53.2%, 91.6%), 9 months=14 years of age (9).
Coadministration » TCV is recommended for routine programmatic use at the same time as other vaccine visits at 9 months of age or in the second year of life (2.
» Available data on Typhar TCV co-administration with measles-containing vaccines (2) and meningococcal conjugate serogroup A vaccing [7) show no
evidence of interference with the immune response to either Typbar TCV or the coadministered antigen.
+ Coadministration data for TYPHIBEV are not yet available.
Safety Based on a comprehensive review of clinical data by WHO SAGE Based on clinical trial data (8), TYPHIBEV has an acceptable safety profile

{2),a review by the Global Advisory Committee on Vaccine Safety
{3) and safety surveillance after routine introduction in India {10),
Typbar TCV has a favourable safety profile with no safety signals.

with no safety signals to date. The Global Advisory Committee on Vaccine
Safety is expected to review the data in the future.

W1 polysaccharide from Citrobocter freundy |s structurally similar and Immunaologically indistinguishable to Vi from . Typhi {1).
“No Internationally agreed correlate or surrogate of protection has been identified for Vi conjugate vaccines (4).

Appendix: Gavi Detailed Product Profiles for typhoid conjugate vaccines: https://www.gavi.org/about/market-shaping/detailed-product-profiles/
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