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Understanding factors that hinder vaccination, including logistical and social constraints, is critical to
finding the most effective approach for the global eradication of peste des petits ruminants (PPR).
Vaccination projects should analyze the supply chain and take it into consideration when planning
and creating a vaccination strategy. Adequate supply chain management of the PPR vaccine could lead
to reduced cost, increased availability, and the construction of a data platform for other livestock vac-
cines. Integrating the supply chain of PPR vaccine with other veterinary or health commodities could
reduce cost, as well as increase uptake. The use of a thermostable vaccine could potentially have a pos-
itive impact on the eradication of PPR in remote areas, such as the Karamoja subregion in Uganda, as it
did with rinderpest across Sub Saharan Africa. In terms of vaccine delivery, the use of community animal
health workers (CAHWs) could be beneficial in certain areas, such as the Karamoja subregion of Uganda,
by alleviating supply chain constraints in the last-mile delivery, as well as increasing coverage and
uptake. A gendered approach to livestock vaccines should also be considered, as decision-making power
regarding livestock vaccination is gendered in many various contexts. The PPR eradication strategy—as
well as other livestock vaccination programs—would be more effective and efficient if the supply chain
management were considered as a key component in the process and efforts tailored, accordingly.
� 2019 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Only two diseases have been eradicated worldwide, and those
are smallpox in humans (1980) and rinderpest in livestock
(2011). The eradication program of rinderpest marked the end of
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devastating cattle pandemics, which affected both cattle and
humans, whose livelihoods were dependent upon livestock. One
of the biggest challenges for the eradication of the rinderpest virus
was its entrenchment in pastoral areas of the Horn of Africa where
conventional control methods met additional challenges, including
extremely poor infrastructure, lack of security, and weak gover-
nance [1,2].

The United Nations Food and Agriculture Organization (FAO)
and the World Organization for Animal Health (OIE) are currently
leading a global effort to eradicate another animal disease: peste
des petits ruminants (PPR) [3]. PPR is a disease of sheep and goats
that has devastating impacts on small ruminant populations in
Africa and Asia, with serious consequences on livelihoods. PPR is
caused by a morbillivirus in the family of paramyxoviruses, which
is related to rinderpest and measles in humans. Because of this
relationship, it is possible that some historic vaccination strategies
for these diseases may have relevance to the eradication of PPR [3].
The experience of other vaccination programs and strategies must
also be reviewed, as they may have faced similar challenges and be
positioned to provide insights and tools to advance PPR eradication
efforts. One of the main challenges for vaccination programs in
remote areas is the logistical challenge of distributing vaccines,
but this is by no means their only challenge. Cultural and social
challenges may create comparable, if not greater, barriers to the
eradication efforts of PPR. Successful vaccination programs rely
heavily on the supply chain. Historically, logistical challenges have
been identified as the cause of low vaccination coverage in various
efforts [2,4–8]. A well-designed supply chain can have a positive
impact on vaccination efforts via reduced costs and improved cov-
erage. Despite its seemingly essential nature to vaccination
endeavors, the World Health Organization (WHO) states that the
supply chain for human vaccines is often neglected [7], which is
also the case for livestock vaccines based on results from this
study. The objective of this research is to underscore the impor-
tance of the supply chain of the PPR thermostable vaccine, based
on the literature and findings on the study in the subregion of Kar-
amoja, Uganda.
2. Methods

Information presented here was obtained through a review of
literature and an observational study utilizing participatory field
methods in the Karamoja subregion of Uganda. The structured
review of literature focused on peer reviewed journals but also
included reports from FAO, OIE, WHO and project reports funded
by The United States Agency for International Development
(USAID). Combinations of the following keywords were used in
Google Scholar, PubMed, and Science Direct databases: vaccines,
vaccination, strategy, Peste des Petits Ruminants, Measles, Rinderpest,
eradication, supply chain, remote locations, Sub Saharan Africa, com-
munity animal health workers, community health workers, willingness
to pay, One Health, livestock, and knowledge. As well as the use of
these keywords, the publications of specific authors, known for
their role in the eradication of rinderpest were reviewed. These
authors were: Jeffrey Mariner, Tim Leyland, Peter Roeder, Andy
Catley, and Bryony Jones. Publications about rabies, Newcastle dis-
ease, and poultry were excluded, as the social and economic impli-
cations of small ruminants was determined too different than
those used for poultry or dogs. Another criterion used was priori-
tizing more recent publications (2010–2018), however some pub-
lications from the early 1990 s and 2000 s were used as sources, as
they brought valuable insight from the rinderpest eradication. The
initial search yielded 105 publications, all of which were screened
in full. From that collection, 56 publications were discarded due to
the lack of applicability for the PPR eradication efforts. Of the
remaining 49, all were meaningful in conceptualizing and develop-
ing this review. Eleven of those were not cited directly, however
informed and reinforced messaged conveyed here.

For the participatory methods, fourteen interviews were con-
ducted with: district veterinary officers, storage managers, veteri-
nary drug shop owners, logistic specialists from NGO’s operating
in the region, lab technicians, and staff from the Ministry of Agri-
culture, Animal Industries and Fisheries (MAAIF). Sixteen focus
group discussions (FGDs) where conducted with Community Ani-
mal Health Workers (CAHWs) and livestock owners. Assessments
in the form of physical inspections were conducted in Uganda
(Kotido District, Amudat District, Kaabong District, Moroto District,
Kampala, and Entebbe). The objective of the semi-structured inter-
views varied depending on the group interviewed. In the case of
CAHW’s, the focus was placed on the process of livestock vaccina-
tion and treatment in general, more concisely: working conditions,
lead times between storage facilities, incentives, and constraints.
For livestock keepers: knowledge of vaccines, willingness to pay
for vaccines (WTP), access to vaccines, and perception of the work
being done by CAHWs. Selection of participants in FGDs of CAHWs
was done with previous consultation with the DVO in each district
to assess which of the CAHWs where still active. Participants of all
FGDs where asked to participate and sign a consent if they agreed
to participate in the nature of the study. Other stakeholders where
interviewed to assess their involvement and estimate the cost and
lead times in every level of the supply chain. Data was collected by
the lead author with the assistance of translators when needed,
throughout June-August 2018. The table below summarizes the
data collection methodology, and the map shows the studied dis-
tricts (see Fig. 1 and Table 1).
3. Results

Through interviews and assessments with DVOs, storage man-
agers, and veterinary drug shop owners in the livestock vaccine
supply chain of Karamoja, several challenges where identified,
such as: poor infrastructure, inadequate cold-chain capacity, infor-
mation scarcity, and insufficient funding. This is congruent with
literature that describes many places in sub-Saharan Africa still
facing these challenges [7,9,10]. Out of the four districts studied
in Karamoja, only one met the criteria of necessary and appropriate
equipment for safe storage of vaccines in the cold chain. Lack of
reliable data on vaccine demand is another important issue identi-
fied. Lastly, the state of the roads also presents great challenges in
the region particularly in the rainy season.

Most livestock vaccines in Uganda are stored in Kampala before
being distributed to the respective district. In a similar fashion,
human vaccines are stored in Entebbe before being distributed to
their respective districts. There is the possibility for aggregation
in the distribution of these vaccines sharing resources in order to
reduce cost and improve availability of livestock vaccines, which
in certain districts is extremely low. Even after leaving the central
area, integration of animal and human vaccine supply chains at a
district level could improve coverage and reduce cost. A bottleneck
for child immunizations in Uganda is the last-mile delivery, from
the district office, to the health office, and beyond due to lack of
funds for transportation [11]. This is a constraint that is also pre-
sent in the livestock vaccine supply chain in Karamoja, as the inter-
views with Veterinary Officers and CAHWs showed. In
predominantly pastoralist regions, integration of human vaccines
and livestock vaccines has the potential to not only reduce trans-
portation costs, as Yadav et al. suggest, but to address many of
the bottlenecks that occur beyond the district level[12].

Reducing vaccines temperature sensitivity could address some
challenges specific to the cold chain that are still relevant in



Fig. 1. Karamoja subregion of Uganda and the studied districts.

Table 1
Data Collection Method and Count.

Methodology Number

CAHW Focus Groups 9 (average 5 participants)
Livestock Keeper Focus Groups 5 (average 5 participants)
Interview with VOs 2
Interview with DVOs 2
Other stakeholder interviews 7
Assessments/physical inspections 7
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sub-Saharan Africa, such as an unreliable power grid, lack of refrig-
erators, and short cold-life of passive cooled containers [13]. The
studied districts in the Karamoja subregion share this type of chal-
lenges, as refrigeration at district level was identified as the bottle-
neck of this supply chain. One key lesson from the rinderpest
eradication effort was that thermostable vaccines can improve
reach into remote locations where maintaining a cold chain can
be demanding if not impossible [2]. The recent development of a
thermostable vaccine for PPR will benefit the eradication efforts
by facilitating access to the vaccine. A study in Niger’s human
immunization supply chain showed that the use of thermostable
vaccines could potentially help alleviate constraints within the
supply chain [14]. For pastoralists who are historically less inte-
grated into service systems, communities in countries affected by
conflict, climatic stresses, and disease outbreaks, thermostability
could be even more important.

The constraints mentioned above make vaccination efforts par-
ticularly challenging at the last-mile delivery. CAHWs are filling
the role of last-mile delivery in the supply chain of veterinary ser-
vices in many places of Sub-Saharan Africa. Pastoralist communi-
ties in Ethiopia, Kenya, and South Sudan identified CAHWs as the
most accessible of the animal health service providers (AHSP)
[15]. In South Sudan, CAHWs were rated as the most affordable
AHSP as well as the option that offered the widest range of services
and best quality of medicines [15]. High quality and variety of vet-
erinary services at an affordable price can be very beneficial to
improving food security among livestock owners. As stated in the
Global PPR eradication strategy, development and training of
CAHWs should be included as a component in the eradication plan
for PPR in remote locations [3].

Private veterinarians can benefit by working with CAHWs as
their mobility allow to them cover a broader area, but for this to
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be sustainable there should be cost-recovery from the users [16].
Private veterinarians in Niger work with CAHWs to cover more
area and increase their volume of sales [17]. The use of private vet-
erinarians and CAHWs is proposed as part of a possible solution to
overcome the constraint in livestock production in Ethiopia [18].
The use of CAHWswill also benefit vaccination uptake within some
pastoral communities, as they are largely trusted by farmers
[15,19]. CAHWs have played an important role in the control of dis-
eases in livestock and in the eradication of rinderpest [20]. One of
the main issues brought up by both livestock keepers and CAHWs
during the FGDs was the need for both more CAHWs and more
trainings for the existing CAHWs. Another key issue identified
through interviews and FGDs was that in Karamoja, all livestock
vaccines available were those provided by government or NGOs,
with little to no access elsewhere, however when livestock keepers
were asked about their willingness to pay for a vaccine available at
the veterinary shop or through CAHWs, their response to how
much they would be willing to pay ranged between 0 and 300
Ugandan Shillings, with 100 Ugandan Shillings as the most com-
mon response. This range represents only a portion of production
price and is below the amount which CAHWs indicate they expect
to be compensated for their services (around 200 Ugandan Shil-
lings per animal vaccinated). In addition to this, veterinary drug
shops as well as veterinary officers experience a highly variable
lead time when it comes to veterinary supplies or vaccines. Vacci-
nes ordered from Kampala have a lead time ranging from 2 weeks
up to three or more months, as sometimes the warehouse in the
capital is out of stock. One lesson learned about the CAHWs is that
primary or secondary levels of education are not required for peo-
ple to be effectively trained about proper use of livestock vaccines
[21]. This is beneficial in terms of capacity building, as it would
otherwise be a significant barrier to training members of certain
livestock holding communities, such as the Karamojong and Pokot
in Uganda. Even in remote locations with weak governance, like
Somalia, CAHWs achieved 95% vaccination coverage for rinderpest
using a thermostable vaccine, exceeding the government’s service
coverage of about 50–80% [21]. Pastoral CAHWs can move with
livestock herds and travel to fixed points for veterinary drugs
[21], thus partially eliminating the geographic barrier associated
with reaching pastoral communities and making the planned
schedule of vaccine delivery more effective. In Ethiopia, traditional
government vaccination reached approximately 60% vaccination
rate for rinderpest; CAHW then reached 83% vaccination rate,
and no further cases of rinderpest were reported after this
[15,22]. Similar results were obtained in South Sudan, where the
use of CAHW achieved a 10.6 fold increase of vaccination coverage
[15,23].

CAHWs play an important role in helping alleviate this con-
straint in Karamoja, as the number of veterinarians is extremely
low compared to the number of livestock in the subregion. How-
ever, as much as they contribute, the number of trained active
CAHWs is still a constraint for Karamoja, as even their numbers
are low compared to the geographic area and livestock numbers
they must cover.
4. Discussion

For any type of vaccination activity, mapping the supply chain
can help stakeholders understand the current state and estimate
costs of current practices, thus enabling them to propose changes
that can increase responsiveness (higher capacity to respond to
unusual surges in the demand) and efficiency (reduced costs). An
important part of the livestock vaccine supply chain is a reliable
long-term supplier. A setback in production or a faulty vaccine
lot can have detrimental effects on the vaccination schedule and
long-term plan for eradication. In 1997 Milstein et al. proposed
examining several factors when predicting the long-term viability
of vaccine manufacturers in developing countries [24]. In 2016,
Luter et al. updated the approach as an evaluation tool to analyze
potential investments in vaccine development [25]. This method-
ology is oriented towards human vaccines, thus some aspects do
not apply, such as the requirement that it be a WHO approved
facility. However, this methodology can serve as a guide to create
a parallel regulatory framework for livestock vaccines. Addition-
ally, other more context specific factors should be considered, such
as consistent lead times when the anticipated timeframe for vacci-
nation is limited for reasons outside control of the project (rainy
season, pastoralist movement, etc.). Even if the number of viable
suppliers is limited, creating a selection procedure using Luter
et al.’s updated methodology would allow governments as well
as potential funding agencies to identify weaknesses and strengths
in suppliers so that they can plan a supply chain strategy accord-
ingly. It is recommended to incorporate supply chain experts at
the stage of vaccine development and decision-making process
[26], such as the selection of a manufacturer, thus potentially
reducing logistical cost and increasing coverage through an effi-
cient supply chain strategy.

Vaccination initiatives for PPR could benefit by using this
methodology as a guide when selecting a manufacturer for the vac-
cine. As this disease is highly entrenched in Africa and Asia, it is
likely that the most economically viable manufacturer will be in
a developing country. Factors such as historical performance, gov-
ernmental policies, national regulatory authorities, and product
portfolio are some of the other factors to consider [25].

The logistical challenges in Karamoja make commercialization
of livestock vaccines complicated, potentially resulting in low vac-
cination coverage of PPR and other livestock diseases. In areas
where there is willingness to vaccinate, but farmers lack access
to veterinary services, vaccination coverage is low [5], so interven-
tions that address willingness to vaccinate but ignore challenges in
the supply chain may be either inefficient or ineffective in increas-
ing coverage. The scarce resources in this region must be maxi-
mized in order to achieve an adequate supply. For
commercialization of livestock vaccines in the future, gathering
data on vaccine demand and willingness to pay is of great impor-
tance because vaccines have a limited shelf life, therefore holding
large inventories to respond to demand of high uncertainty may
not be economically viable. This can lead to malpractice, resulting
in the sale of expired/spoiled vaccines. Forecasting the demand
using historical data combined with expert assessment could allow
private veterinarians to understand, predict, and plan accordingly
for the variable demand patterns, but reliable historical data of
the demand of livestock vaccines would need to be available. For
childhood vaccinations, UNICEF has developed a template to fore-
cast quarterly demand, but unreliable data can result in inaccurate
estimations resulting in surplus or lack of vaccines, adding unnec-
essary logistical burdens [4].

In human vaccine studies, technological advances have allowed
computational models to analyze the potential impact that
changes within the supply chain may have on vaccine distribution
and logistics. A model analyzing the supply chain of vaccines in
Nigeria determined that removing the regional level distribution
might increase vaccine availability and reduce logistical costs
[27]. A similar analysis in Benin determined that certain changes
along the supply chain, such as removing the commune level dis-
tribution facilities, thus shifting from a four-level to a three level
supply chain, could lead to reduced costs of operation and
increased vaccine availability [28]. An analysis in Mozambique
suggested that implementing alternative distribution systems
using improved transport strategies would make the supply chain
more effective and efficient [29]. These examples underscore the
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potential for research and analysis of the vaccine supply chain to
improve logistical operations in the field.

While insightful in many cases, these models have inherent lim-
itations, including assumptions about the demand of vaccines, as
those data are often not available. Livestock census information
is often outdated and often doesn’t include small ruminants. In
addition, being discrete simulation models, they are restricted
and cannot capture all possible variables that could affect costs
or availability [30,31]. Computational models could be helpful as
they could be used to analyze different scenarios when making
strategic decisions. However, a first step should be to analyze the
current livestock vaccine supply chain which is grossly understud-
ied at this time. Fully understanding the livestock vaccine supply
chain could lead to reduced costs and higher vaccine availability,
both of which are challenges often faced by pastoralists and other
livestock holders otherwise willing to vaccinate [5].

Given that there is less information on the supply chain and
logistics of livestock vaccines compared to human vaccines, the
global effort to eradicate PPR could be used as a platform to prompt
researchers to gather data required for innovation in livestock vac-
cine delivery in remote areas. Current and future PPR vaccination
initiatives should incorporate supply chain research and analysis,
both to strive for efficiency and effectiveness, as well as to gather
information for future small ruminant vaccination strategies. Lee
and Haidari argue that supply chain courses should be incorpo-
rated into public health and public policy curricula [26], underscor-
ing the importance of the supply chain of vaccines and medical
supplies. Consequently, this same principle is applicable for live-
stock vaccines and veterinary supplies, as livestock health is often
linked with food security. Others claim that even personnel
involved in the vaccine supply chain should be trained in the
strategic aspects of supply chain management, not only in the
operational aspect as the current WHO modules do [4]. This prin-
ciple should also apply for livestock vaccines.

Standardized record keeping of demand data should be encour-
aged during all types of vaccination programs, as this will allow the
use of accurate forecasting methods in the future. One constraint
faced by both pastoralists and animal health service providers in
Karamoja and Kenya is a weak information and knowledge system
which limits supply and demand of animal health services [8].
Another benefit of recording demand data is that it can help opti-
mize transportation and even share the cost with other commodi-
ties, making vaccines cheaper and more accessible. Yadav et al.
designed a framework for decision-making to integrate human
vaccine supply chain with other health commodities in order to
optimize and improve efficiency [12]. When reaching pastoralist
communities, both the livestock and human vaccine supply chain
could be integrated at various levels. Joint vaccination programs
between human and animal health services might be beneficial
for the PPR eradication effort. Shared logistical costs could decrease
operational costs, increasing the efficiency of vaccination programs
[32]. In some scenarios it will not only decrease cost, but also
encourage children’s vaccination. This was a lesson learned when
designing vaccination strategies for the rinderpest eradication in
South Sudan, where tribes only allowed for their children to be
vaccinated after the program had vaccinated their cattle against
rinderpest [1].

Benefits of joint vaccination could go both ways; livestock vac-
cination might increase if done alongside children’s vaccinations.
Experience of joint vaccinations for pastoralist communities in
Chad, showed that pastoralists no longer refused vaccination in
livestock if medical personnel accompanied the veterinarian [32].
Applying the One Health approach, which addresses the intersec-
tion of people, animals, and the environment, has been successful
in many projects in remote locations [33]. A One Health approach
should thus be considered within PPR vaccination programs, as
some communities may be more willing to vaccinate due to
reduced cost of the vaccine (through logistical savings), while the
credence that medical personnel have on the community’s percep-
tion of the vaccines may sway others.

Another aspect that is rarely considered during vaccination pro-
grams is gender. Vaccination projects should take a gendered
approach, including a gendered supply chain analysis and consider-
ationof howwomenparticipate in andbenefit fromthe supply chain
– including endusers. Such actionsmay empowerwomen and could
positively impact vaccination uptake; however, more research is
needed to understand the effect that gender and intersectional-
ity—how the experience of women andmen vary across ethnicities,
caste, age, etc.—have in vaccination uptake in different contexts.
Research on gender and livestock vaccines should be promoted
under the umbrella of the PPR eradication strategy, because small
ruminants, like poultry, are considered women’s livestock in many
parts of the world. Given the dominant engagement of gender and
women’s empowerment in current agriculture and health develop-
ment literature, and it’s very poor integration into livestock vaccine
supply chain work to date, any integration of gender into the supply
chain analysis should be accompanied by a supply chain manage-
ment strategy that is positioned to respond to a potential rapid
change in the demand for small ruminant and poultry vaccines. If
the supply chain strategy is not considering this factor and signifi-
cant increase in demand were felt, the additional strain put on the
already heavily burdened bottlenecks could increase cost, reduce
availability, and increase the risk of spoilage/mismanagement of
vaccines. In Kenya, ownership of small ruminants and chickens is
often considered women’s domain, but ownership does not ensure
decision-making power about the animals [34]. Vaccine adoption
for livestock is gendered in certain contexts, with women less likely
to adopt the use of this technology than men, as gender influences
the drivers of vaccine adoption such as access to land, inputs, farmer
expectation, wealth, and decision making power [35]. Alders et al.
identify gender issues as one of the internal factors among the chal-
lenges of livestock vaccination in developing countries [36]. Owner-
ship and decision-making power affect vaccination uptake, thus
gender transformative approaches in livestockprojects shouldoccur
in parallel with animal health services [37]. Under some contexts
access to veterinary services may be equally accessible for men
and women, though lower literacy rates and sociocultural factors
may obstruct women’s access to resources [38], such as vaccines.
5. Conclusion

Current PPR eradication efforts have a distinct opportunity to
serve as a platform for the application of lessons learned from past
vaccination initiatives and for asking and answering additional
questions that will improve future vaccination strategies. That
said, among the most important of lessons learned from the past
is that context is one of the greatest variables to the success of
the vaccination effort, so past lessons learned and new questions
answered are unlikely to provide a prescriptive strategy for suc-
cessful eradication in all settings. Rather, looking at past lessons
learned and identification of important questions for the future
should help hone the vaccination strategy that is most likely to
work in a given area.

Regarding logistics, distribution, and management, there are
important lessons from the past that could benefit the PPR eradica-
tion strategy. Regarding supply chain management, the need to
assess distribution processes is highlighted in the literature as
one of the biggest challenges for remote areas. Building capacity
to record demand data would help create better forecasting meth-
ods, likely reducing future situations of either no stock is available
or there is an unnecessary surplus of vaccines. This can also have a
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positive impact reducing transportation costs by optimizing trans-
portation routes. In resource scarce settings the optimization of
resources could be a determinant in any eradication effort. Sub-
Saharan Africa proved to be a challenge for the rinderpest eradica-
tion, but these obstacles were overcome, and important lessons
were learned that can help the global effort to eradicate PPR and
other livestock diseases.

The use of CAHWs and a thermostable vaccine can have positive
results by alleviating the last-mile delivery constraints often faced
when providing vaccines for pastoralist communities. The use of
CAHWs in PPR efforts could reduce the geographical barriers in
remote locations, as well as institutional barriers in settings where
there is conflict or weak governance. Integrating gender into sup-
ply chain analysis and developing gender-oriented interventions
can potentially increase vaccination uptake. These efforts should
be accompanied by a comprehensive supply chain strategy to cope
with the potential increase in demand of vaccines among women,
which may be associated with increases in women’s participation
in and benefit from the supply chain.

The livestock vaccine supply chain is understudied, and there
should be a more unified effort from researchers to strengthen
the literature around it. Livestock plays a paramount role in food
security, hence the importance of an efficient supply chain strategy
to distribute livestock vaccines in food insecure countries. The PPR
eradication strategy could serve as a platform to gather informa-
tion on the state of livestock vaccine supply chains. This would
strengthen future vaccination programs and reduce the barriers
of livestock vaccine commercialization in remote areas where it
is currently nonexistent.
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