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>> EXECUTIVE SUMMARY

1. Demand for post-exposure prophylaxis (PEP) is highly variable: bite patient presentations vary considerably by

month and district, posing challenges for supply chain management.

2. The WHO recommended intradermal (ID) regimen is more efficient: The intramuscular (IM) regimen (Essen) uses

more vials than the ID 1-week regimen. ID vaccination also buffers against surges in PEP demand.

3. Decentralization improves vaccine access but is logistically challenging: Decentralizing vaccines reduces vial

sharing opportunities, increasing vial use, but ID vaccination remains more efficient than IM. A balanced approach

is needed to optimize vaccine accessibility without overburdening the system.

4. Restocking criteria can meet vaccine demand: modelling indicates that restocking volumes and alert thresholds

can meet local demand and prevent stockouts accounting for realistic delays in restocking. Monitoring can be used

to adapt restocking criteria in response to changes from new policies or control measures.

>> BACKGROUND

Rabies is a major public health challenge in Tanzania,
causing around 8oo preventable deaths annually due to
poor access to effective (PEP) and limited dog
vaccination.(1) The disease is primarily transmitted
through dog bites, with the risk of human infection high
in areas with inadequate dog vaccination coverage.
Supply chain inefficiencies and financial barriers prevent
many bite victims from receiving timely PEP to prevent
the onset of rabies, especially in rural areas.(2,3)

The inclusion of human rabies vaccines in Gavi, the
Vaccine Alliance’s 2021 Vaccine Investment Strategy(s)
presents an exciting opportunity to prevent human
rabies deaths and catalyze rabies control.

Gavi's support would make human rabies vaccines free
of charge and promote adoption of dose-sparing ID
regimens. ID vaccination allows multiple patients to be
immunized from a single vial, reducing vaccine use as

well as requiring fewer visits for patients. This approach
aligns with the World Health Organization's (WHO)
recommendations(s) and could significantly improve
vaccine access in Tanzania.

When considering integrating rabies vaccines into
national immunization programs, it is critical to optimize
the vaccine supply chain. As an emergency vaccination,
rabies vaccine demand is expected to differ from the
childhood
immunizations. Therefore, the supply chain needs

more stable demand of routine
tailoring to be resilient and ensure accessibility and

consistent availability of these lifesaving vaccines.

Our research developed models informed by data
collected between June 2018 and December 2023 from
districts  implementing  Integrated Bite Case
Management (IBCM) in Tanzania to provide insights into

best practices for managing rabies vaccines.

When considering integrating rabies vaccines into national immunization programs, it is critical

to optimize the vaccine supply chain. As an emergency vaccination, rabies vaccine demand is

expected to differ from the more stable demand of routine childhood immunizations.
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While decentralization may enhance access, it leads to higher vaccine consumption

>> RESULTS

Variable demand for PEP

Demand varies considerably across districts and over
time, Figure 1A. In some districts, such as Liwale,
monthly bite cases ranged from o to 7 (average 0.9),
while in higher-throughput districts like Ulanga, cases
ranged from o to 5o (average 12.6).

Our analysis revealed that even though low-throughput
areas generally report fewer cases, they experience
sudden surges, sometimes up to ten times the average
number of cases. These surges highlight the need for a
flexible and responsive supply chain robust to these
fluctuating demands.
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Figure 1. A) Spatial heterogeneity in bite patient
incidence across IBCM districts in Tanzania. B)
Predicted annual vial needs for IBCM districts under the
Essens IM and 1-week ID regimens. Each boxplot
represents the distribution of vial use across 1000
simulations.
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Vaccine demand under different regimens

Comparing the Essens IM versus the abridged 1-week ID
regimens shows that the IM regimen requires significantly
more vials than the ID regimen, especially in districts with
higher bite incidence. For example, in Ulanga, the IM
regimen would require around 650 vials annually, while the
ID regimen would only require around 250, Figure 1B.

The difference is primarily due to fractional doses of ID
vaccination, which enable vial sharing among patients.
This makes the ID regimen not only more resource-
efficient but more resilient during demand surges, as it can
stretch limited supplies further.

Impact of decentralization

Decentralizing vaccines can accessibility,

particularly for remote or underserved populations.

improve

However, our analysis shows that decentralization
increases vial use under ID vaccination due to reduced
opportunities for vial sharing. For example, in a high-
throughput district like Ulanga, maintaining a centralized
system (one facility in a district) requires approximately
250 vials annually, but under moderate decentralization
(four facilities), this requirement increases to about 300
vials, and with high decentralization (eight facilities), to
around 4oo vials, Figure 3.

Therefore, while decentralization may enhance access, it
leads to higher vaccine consumption yet remains more
efficient than IM. More critically the logistics of
decentralization (cold chain, health worker training etc.)
need consideration with a balanced approach necessary to
optimizes accessibility and efficiency yet ensure feasibility.

Our analysis revealed that even though low-throughput areas generally report
fewer cases, they experience sudden surges, sometimes up to ten times the average

number of cases.
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Figure 2. Annual vial requirements for low and high
throughput districts under different decentralization
scenarios. Different levels of decentralization are shown
(None = 1 facility per district, Moderate = 4 facilities per
district, High = 8 facilities per district) and the vaccination
regimen used (Essen IM and 1-week ID).

Appropriate restocking values and alert thresholds

Stock management criteria also need to be designed to
prevent stockouts given the variability in vaccine demand
and that also are logistically feasible in terms of the likely
frequency of restocking required (Figures 3 & 4).

that in
implementing the 1-week ID regimen, a restocking

Analyses showed low-throughput areas
volume of 5o vials with an alert threshold of 20 vials can
suffice to prevent stockouts under ideal conditions with

prompt restocking.

However, when there is a 1-month delay in restocking,
these thresholds need adjusting upwards, potentially to
8o vials (restocking volume) with a 4o-vial alert threshold,
to maintain vaccine availability. The restocking volume
needs to be correspondingly higher in high-throughput
districts using the ID regimen (Figures 3 & 4).

Post-exposure vaccine chain

Figure 3. supply
management scenario. Once a clinic raises an alert to be

restocked, there could be A) a lag before restocking or B)

b 34

prompt restocking.

150 9001: 2015 certified

L]
3 |h| IFAKARA HEALTH INSTITUTE
.

‘e ® research | training | services

Designing the national supply chain
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A strategic approach is therefore necessary to design an

Issue restock alert

effective robust supply chain for rabies vaccines. Given
the variability in PEP demand, it is important to classify
districts based on their throughput of bite patient
presentations and apply appropriate restocking volumes
and alert thresholds (Table 1).

With Gavi's investment in human rabies vaccines, an
increase in healthcare-seeking behaviour is expected and,
subsequently, greater PEP demand. Restocking volumes
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and thresholds should therefore be monitored to track
changes in bite patients and stock management practices
adjusted accordingly.

Figure 4. Predicted annual stockouts and restocks
under different stocking criteria. Panels show results for
low vs high-throughput districts under a 1-month
restocking lag for different restocking and alert values.
Predicted stockouts per year in high (left) and low
throughput (right) districts using A) ID vs C) IM. Predicted
restocks in high (left) vs low throughput (right) districts
under B) ID vs D) IM.

With Gavi’s investment in human rabies vaccines, an increase in healthcare-seeking

behaviour is expected
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Table 1. Clinic stocking criteria to ensure vaccine availability under 1-week regimen. Minimum criteria are shown

that do not result in any stockouts and assume a 1-month delay in restocking.

Mean monthly bite Minimum

patients restocking volume
<5 8o
<10 100
<20 110
<30 120
<50 150
<100 220

>>CONCLUSION

There is a strong case for adopting the 1-week ID regimen
in Tanzania. This regimen conserves vaccines while
maintaining efficacy and combined with optimized
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Minimum alert threshold Expected restocks per year median
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40 2 2
50 2 2
60 3 3
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stocking practices and a strategic approach to

decentralization, offers a robust framework for

improving rabies prevention.
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