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AgResults is a US$118 million multi-lateral initiative that promotes the development and
dissemination of high-impact agricultural innovations for global food security, health, and
nutrition through the design and implementation of pull mechanism pilots. It is funded by the
governments of Australia, Canada, the United Kingdom, and the United States, and by

the Bill & Melinda Gates Foundation, and managed through a Financial Intermediary Fund
operated by the World Bank.

By using pull mechanisms, AgResults calls upon the ingenuity and drive of the private sector
to identify and execute the most effective and efficient strategies to achieve development
outcomes. Pull mechanisms are systems of incentives or prizes for private sector actors to
develop and promote the uptake of innovative technologies that are expected to have
substantial development impact. By creating economic incentives, AgResults aims to
establish sustainable commercial markets for such technologies or goods produced by them.
The ultimate goal of the initiative is to achieve substantial and sustained development
impacts, including improved food security and food safety, increased small-scale livestock
producer incomes, and better health and nutrition.

The AgResults team comprises a Steering Committee, a Secretariat, a Trustee, country-
specific pilot managers, and an External Evaluator. The Steering Committee oversees the
implementation of AgResults and is composed of the five donor agencies and the Trustee.
The Steering Committee is responsible for strategic oversight of the initiative, including
endorsement of key management decisions, approval of concepts and business plans for
proposed pilots, and monitoring of pilots and the initiative as a whole. The Secretariat is
responsible for implementation of the initiative and reports to the Steering Committee. In
order to fulfil its role effectively, the Secretariat maintains a close working relationship with
the Trustee and External Evaluator. Core functions include appointing and managing pilot
implementation and verification agents, developing and sourcing new pilots, and
communicating results. As Trustee for AgResults, the World Bank provides an agreed set of
financial intermediary services that include receiving, holding, and investing funds, and
transferring them to recipients or other agencies for implementation as directed by the
Secretariat on behalf of the Steering Committee.

The Steering Committee appointed Abt Associates Inc. to serve as External Evaluator for the
AgResults pilots. Abt’s role is to use rigorous scientific tools to determine if the pull
mechanisms achieve their objectives—to measure whether they produce private sector
investment and social outcomes different from, and better than, what would have happened
in the absence of the AgResults initiative. In our role as the External Evaluator, Abt defines
the overall evaluation framework for the AgResults initiative and an impact analysis strategy
for each pilot. Abt, along with specific contracted parties for each pilot, collects and analyses
guantitative and qualitative data to address pre-specified research questions for each pilot.
Additionally, Abt will assess the sustainability of the results produced in the private market
once AgResults removes the pilot incentives.

This report presents Abt’s evaluation design for the brucellosis vaccine pilot. Dr Judy Geyer
and Dr Abigail Conrad head the Abt Brucellosis Team. Dr Jean Lee leads the case
comparison study for our analysis. Dr Shawn Gilchrist, of Gilchrist Consulting, provides key
inputs on the research design and expert knowledge of commercial vaccine development. Dr
Javier Guitian, of the Royal Veterinary College, leads the data collection efforts and brings
expert knowledge of brucellosis, its current vaccines, and its epidemiology in the developing
world. Dr Tulika Narayan provides overall research direction, and Dr Stephen Bell leads
guality assurance review of the research methods.
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This report presents Abt’s evaluation design for the AgResults Brucellosis Vaccine Pilot.
Brucellosis (i.e., infection of Brucella bacteria) is one of the world’s most widespread
zoonoses, which are animal diseases that are communicable to humans. Brucellosis has a
significant global impact, as it causes human disability and impaired livestock productivity,
disproportionately affecting impoverished, small-scale livestock producers. Yet, many health
systems around the world have not prioritized brucellosis control. The World Health
Organization has even classified it as a neglected endemic zoonosis. As a response, the
AgResults pilot aims to use milestone prizes and grand prizes—pull mechanisms—to
stimulate private investment in developing an improved vaccine for B. melitensis for small
ruminants. The vaccine needs to be appropriate for use by small-scale livestock producers in
developing countries.

The purpose of this evaluation is to assess the effects of the AgResults pull mechanism on
private sector involvement (by participating entities that we refer to as “solvers”) in the
development of an improved vaccine for B. melitensis. Our evaluation questions test the
pilot’s theory of change and compare actual outcomes to possible outcomes as predicted by
economic theory. To answer these questions, we will use three primary evaluation methods:
gualitative assessment, counterfactual disease study, and cost-effectiveness simulations. As

shown in Exhibit ES-1, we will use tailored approaches for each evaluation question that
take into account the methodological challenges posed by a research and development
(R&D)—as opposed to an adoption—pilot.

Exhibit ES-1. Evaluation method and data sources by question

# Evaluation question Method Data sources

1 | What evidence exists that the Qualitative assessment — private Interviews with solvers and
AgResults pilot was able to solver motivation, decision non-participating capable
stimulate private sector making, and investment in private entities
involvement in the development developing technology from . .

) . : Small sample questionnaires

of agricultural technology/ baseline to endline .

. . with solvers and non-

innovation? o .
participating capable entities
Public documents and media
AgResults monitoring data
(e.g., solver entry and exit,
solver investment in R&D for
competition)

2 | Did the AgResults pilot lead to Case comparison study of Interviews with solvers, non-
development of new, useful alternative disease vaccine R&D participating capable private
technologies? What levels of — assessment of technology entities, and relevant experts
innovation short of, or beyond, the development from baseline to Small sample questionnaires
specified requirements did the endline comparing progress for B. ;

k . . . - with solvers and non-
AgResults pilot lead to in the melitensis to that of other similar participating capable private
development of the technology? diseases along key vaccine entities
development milestones, such as )
creating a laboratory animal Public documents (e.g.,
model, completing an efficacy vacc_lne_patent and registration
study, and registering a vaccine applications) and secondary
o data
Qualitative assessment — success o
and failure in meeting target AgResults monitoring data
product profile (TPP)
requirements by industry and
solver organizational
characteristics

3 | What evidence exists that the Qualitative assessment — actual Interviews with solvers,
AgResults pilot developed a progress and stakeholder relevant experts and
technology that will have the perceptions of potential for stakeholders (e.g., key
anticipated development impact? | adoption manufacturers and distributors,
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Evaluation question
Were the required technology
specifications well suited to
address the constraints expected
to limit the development impact?

Method

Data sources
farmer groups, and veterinary
associations) and potential
institutional buyers (e.g.,
government entities)

Public documents (e.g., reports
and vaccine procurement
announcements) and
secondary data

What is the evidence on the scale
of any effect on private sector
investment and the cost-
effectiveness (relative to no
intervention or traditional push
mechanisms) of AgResults as a
development strategy?

Cost-effectiveness simulations —
calculations of the cost per
infection averted in small
ruminants and the implied return
on investment given small
ruminant prices

Small sample questionnaires
with solvers

Public documents and
secondary data for user-
entered parameters (e.g.,
expected number of cases of
small ruminant infection
averted, cost of cases not
averted)

AgResults monitoring and pilot
data (e.g., governance costs,
verification costs, prize
amounts paid)

What evidence exists that the
impact of the AgResults pilot
(e.g., private sector involvement
and innovation uptake) is
sustainable in the medium to long
term (2 years after the end of the
initiative)? (If resources and time
extension provided beyond
current evaluation contract)

Qualitative assessment — actual
progress and stakeholder
perceptions about vaccine
manufacture, sale, and adoption

Interviews with solvers, non-
participating capable private
entities, and relevant experts
Public documents and
secondary data

What lessons can be learnt about
best practices in the design and
implementation of R&D pull
mechanisms?

Synthesis of learning from other
questions (and also integrated
with learning from other
technology development pilots)

Semi-structured interviews with
solvers, relevant experts and
stakeholders (e.g., key
manufacturers and distributors,
farmer groups, and veterinary
associations) and potential
institutional buyers (e.g.,
government entities)

Public documents (e.g., reports
and vaccine procurement
announcements) and
secondary data

The evaluation will include three primary rounds of data collection: baseline (2016 before
completion of competition entry and 2017 just after completion of competition entry), midline
(milestone prize for completion of the efficacy study), and endline (award of grand prize for
vaccine registration). In addition, on an annual basis, we will conduct interviews with solvers
and guestionnaires with solvers and non-participating capable entities to gather updates
about their vaccine development progress. We will deliver three reports on our findings at
the baseline, midline, and endline in addition to shorter update memos in the interim years.
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This report presents Abt’s evaluation design for the AgResults Brucellosis Vaccine Pilot. The
purpose of this evaluation is to assess the effects of the pull mechanism on private sector
involvement in developing an improved vaccine for B. melitensis control in small ruminants
such as sheep and goats. The vaccine needs to be appropriate for small-scale producers of
small ruminants in developing countries.

Brucellosis (i.e., infection of Brucella bacteria) is one of the world’s most widespread
zoonoses, which are animal diseases that are communicable to humans. This pilot aims to
use pull mechanisms to spur the development of an improved vaccine for B. melitensis in
small ruminants; the vaccine should be appropriate for use in developing countries. Pull
mechanisms provide incentives for private sector actors to work creatively to achieve
development goals. Traditional approaches to development problems tend to ‘push’
stakeholders down pre-determined paths to desired outcomes with payments made up front
and hence regardless of achievement of these outcomes. In contrast, pull mechanisms
make payments only when the outcomes are achieved and are agnostic with respect to the
specific inputs and processes that stakeholders adopt to achieve the stipulated goal. Pull
mechanisms reward achievement of pre-defined results without preference to the strategies
and technologies involved in achieving these outcomes. For this pilot, AgResults will award
several milestone prizes and a grand prize of US$20 million to the first solver to register a
vaccine that meets a specified set of characteristics.

In this report, we outline our design for a theory-based evaluation using mixed methods. In
Section 1, we provide context for the pilot including the global impact of brucellosis and
current efforts for its control. In this section, we also describe the key features of the pull
mechanism design and pilot theory of change and outline our evaluation questions. In
Section 2, we describe the methods we will use to answer each evaluation question. In
Section 3, we present our data sources and analysis plan. Finally, in Section 4, we describe
the evaluation timeline and evaluation implementation considerations.

1.1  Global impact of brucellosis

Brucellosis affects a wide range of animals, including all domestic ruminants, and is easily
communicable to humans. Brucellosis causes impaired livestock productivity, which
disproportionately affects impoverished, small-scale livestock producers (Dean et al. 2012;
Corbel 2006; World Bank and TAFS Forum 2011). A guantitative analysis of global animal
health data between 2006 and 2009 ranked brucellosis among the top 10 diseases of cattle,
buffalo, camelids, and small ruminants in terms of livestock units (LSUs) lost worldwide (see
Exhibit 1-1). For small ruminants, B. melitensis (one of six species of Brucella) infection
ranked second of all diseases considered (World Bank and TAFS Forum 2011). Brucella
infection in ruminants causes economic losses due to spontaneous abortion, infertility, drop
in milk production, and premature culling (Singh, Dhand, and Gil 2015).
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Exhibit 1-1.

Top 10 diseases of cattle, buffalo, camelids, and small ruminants in

terms of LSUs lost worldwide, 2006-2009

TOP 10 DISEASES BUFFALO
2006-2009

LSUs lost to disease p.a.
Rabies m 34
Echinococcosis m 36
Lumpy skin disease m 46
Anthrax mm 87
Bovine tuberculosis m—— 353
mpBrucella melitensis m— 419
Leptospirosis mmsss——" 516
FMD s 554
Hemorrhagic septicaemia s 1403
=== Brucella ahortus 1704
0 200 400 600 800 1000 1200 1400 1600 1800

TOP 10 DISEASES CAMELIDAE
2006-2009

LSUs lost to disease p.a.

TOP 10 DISEASES CATTLE
2006-2009

‘000 LSUs lost to disease p.a.
Theileriosis m 1.65
Lumpy skin disease m 253
Anthrax m 3259
Rabies mm 3885
FMD s 7957
Hemorrhagic septicaemia s 11,578
wml> Brucella abortus ss— 31035
Enzootic bovine leukosis s 55181

Bovine tub I 71.829
Echi 74477
0 W 20 30 40 S0 60 70 80
TOP 10 DISEASES SHEEP AND GOAT
2006-2009

‘000 LSUs lost to disease p.a.

FMD 1 Contagious agalactica ) 0.156
Rift Valley Fever | 1 Anthrax § 0213
Camelpox |2 gi capr. Pleurof ia w0341
Bovine tuberculosis 3 FMD w0494
Bovine anaplasmosis 4 Sheep-and-goat pox mm 0.942
Sheep-and-goatpox 5 Bluetongue wm 1.179
Rabies 18 Peste des Petits Ruminants smn 246
Anthrax 54 Scrapie —— 3798
=PBrucella melitensis ] s Brucella melitensis s m—— 9.271
Echinococcosis 0 Echinococcosis mmmsmmss s 13.576
0 50 100 150 200 250 0 2 4 6 8 0 12 14 16

Source: World Bank and TAFS Forum (2011).
Notes: p.a. = per annum; FMD = foot-and-mouth disease.

Two species of Brucella cause brucellosis in humans: B. melitensis and B. abortus, which
are sustained mainly in small ruminant (sheep, goats) and large ruminant (cattle) populations
(Corbel 2006). The general human population is at risk for Brucella infection through
consumption of contaminated, unpasteurized dairy products (foodborne route). Livestock
producers, veterinarians, and abattoir (slaughterhouse) workers also become infected
because of close contact with infected animals; in particular, contact with parturition (birth)
fluids and aborted foetuses (direct contact route). Reports show that every year more than
500,000 human cases occur worldwide (Pappas et al. 2006), although the true incidence of
human brucellosis is difficult to estimate due to severe underreporting and frequent
misdiagnosis (e.g., as drug-resistant malaria). The World Health Organization (WHO)
recently estimated the median number of Brucella infections acquired through the foodborne
route to be almost 400,000 globally. This excludes cases acquired as a result of direct
contact with infected animals, a route that according to the same report is likely to be equally
or more important than foodborne transmission in the developing world (WHO 2015). Exhibit
1-2 provides incidence rates by country in 2000 (Ariza et al. 2007).
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Exhibit 1-2. Global incidence of human brucellosis

Annual incidence of brucellosis
per 1,000,000 population

- >500
E‘ 50-500 cases
B o0
M
<2
. Possibily endemic, no data

El Non-endemic/no data

Source: Ariza et al. (2007).

Despite the negative impact of brucellosis on animal and human health, many health
systems around the world have not prioritized the control of brucellosis, leading to its
classification as a neglected endemic zoonosis by the WHO (WHO 2005). This is in part
because current Brucella vaccines are suitable for use in industrialized countries, and there
is not sufficient demand from developing countries to incentivize pharmaceutical companies
to develop a vaccine suitable for use by small-scale livestock producers.

1.2  Brucellosis control in ruminants using vaccinations

While brucellosis can infect people through multiple routes, the key to prevention of human
brucellosis is its control in livestock (Corbel 2006). There are two primary ways to control
brucellosis in ruminants—removal of infected animals by testing and slaughter, and
vaccination. Test and slaughter can only be realistically implemented once the prevalence
has fallen substantially and if enough resources exist to sustain the control and surveillance
effort in the long term (FAO 2009). Currently, these conditions are not met in most endemic
areas in developing countries. Test and slaughter as a primary control method is an
expensive strategy that can be detrimental to impoverished livestock producers if
mechanisms for compensation are not in place.

Vaccination is an essential component of brucellosis control programs. Vaccination in
combination with identification and removal of infected animals (test and slaughter) has
successfully led to the eradication of B. abortus from the cattle population of several
developed countries (More et al. 2015). However, current vaccines are not well suited for
use in rural, developing settings. Vaccination control efforts have mainly been successful for
B. abortus in cattle in developed countries (More et al. 2015). Control of B. melitensis in
small ruminants has proved difficult in most endemic areas, which is at least partly due to
issues with existing vaccines (Blasco and Molina-Flores 2011). Other obstacles that hamper
brucellosis control in resource-scarce settings include a lack of understanding of the
disease’s true burden on livestock production and human health, and conflicting priorities
among livestock producers, animal health, and public health services.

The most common Brucella vaccines (Rev-1, S2, and S19) have been in use for half a
century. There has been little innovation in the last 20 years, as the newest Brucella vaccine,
RB51, became available in 1996 (Yang et al. 2013). Rev-1 is the most widely used vaccine
against B. melitensis worldwide, and it is the only vaccine recommended by the World
Organization for Animal Health against B. melitensis (Al-Anazi and Al-Jasser 2013; Grill6 et
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al. 2006; Yang et al. 2013). The main shortcomings of available Brucella vaccines in general
are exacerbated in conditions typical of developing countries. The key limitations include:

e Limited cross-protection across Brucella animal hosts: Although B. melitensis is
mainly adapted to sheep and goats, it can also infect cows. In areas where
B. melitensis is present and in which cattle and small ruminants are kept in contact in
mixed-species herds, B. melitensis has often been isolated from cattle. However,
there has been no vaccine licensed for B. melitensis in cattle, and neither the safety
nor the efficacy of the Rev-1 vaccine has been thoroughly evaluated in cows.

e Induction of abortion in pregnant animals: The subcutaneous administration
(application under the skin) of Rev-1 vaccine at standard doses induces the abortion
of preghant animals. There have been attempts to address this issue by using
reduced doses but with mixed results. Furthermore, a lower dose reduces the level of
immunity conferred by the vaccine (Blasco 1997).

e Risk of accidental exposure of the operator during vaccination: Rev-1 can
cause human infection from accidental inoculation (e.g., during administration to
animals) (Siadat, Salmani, and Aghasadeghi 2012).

e Limited thermostability: Rev-1 has limited thermostability; therefore, it needs to be
to be kept at cold temperatures to preserve its immunogenicity.

e Inability to differentiate naturally acquired from vaccine-induced antibodies:
Rev-1 vaccine-induced antibodies are indistinguishable from antibodies that result
from a natural infection. As a result, once a vaccine control program is initiated in a
population, it becomes very difficult to identify and remove infected animals.
Conventional diagnostic tests are unable to differentiate animals that are seropositive
as a result of vaccination from those that are seropositive as a result of infection.
Inability to differentiate these two groups of animals makes it difficult to combine
vaccination with identification and removal of infected animals as part of a control
program (Olsen 2013).

The issues of thermostability and safety are particularly important concerns with the Rev-1
vaccine (Al-Anazi and Al-Jasser 2013; Grill6 et al. 2006; Yang et al. 2013). A different

B. melitensis vaccine, M5-90, is the only one currently approved in China. This vaccine
shares some of the key limitations of the Rev-1 vaccine, such as the induction of abortions in
pregnant ewes and the inability to differentiate vaccinated from naturally infected animals

(Li et al. 2015).

The low levels of vaccine adoption in some endemic areas despite programs that provide the
vaccine free or at heavily subsidized rates highlights the extent to which the limitations of
current vaccines can hinder B. melitensis control in resource-scarce settings. For example,
recent studies in Jordan suggest that despite a very high prevalence of Brucella infection,
high awareness about the disease, and availability of subsidized Rev-1 vaccine, a large
proportion of livestock producers choose not to vaccinate their flocks (Musallam, Abo-
Shehada, and Guitian 2015; Musallam, Abo-Shehada, Omar, and Guitian 2015).

In the past, improvements in vaccine safety for humans and animals have been achieved by
reducing the dose, which compromises stability and efficacy of the vaccine. Currently,
research groups are attempting to overcome the adverse effects of Rev-1 vaccine through
several lines of research. Some research groups are testing ways to improve the existing
vaccine (e.g., with new methods of attenuation). Others are exploring alternative vaccine
candidates using novel technologies. These include the use of bacterial mutants,
recombinant genes, proteins, vectors, and other delivery systems such as outer membrane
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vesicles (OMVs).! The potential use of bacterial mutants as live vaccines, which would allow
differentiation between vaccine-induced antibodies and antibodies from natural infection, has
been shown in mice (Li et al. 2015). Several Brucella antigens have been tested as
recombinant subunit vaccines either individually or in combination (Ghasemi et al. 2015) and
deoxyribonucleic acid (DNA) vaccines against B. abortus and ways of enhancing the
immunity they induced have been tested in mice (Hu et al. 2010). Recent studies have
demonstrated that OMVs can stimulate strong protective immunity against B. melitensis,
pointing to the potential of using OMVs as acellular vaccines (Avila-Calderon et al. 2012). As
for vector vaccines, genes encoding B. abortus introduced into viruses or bacteria have
shown protection in mice in some cases (Dorneles et al. 2015). A major limitation of
research on alternative vaccine candidates is that the mouse model, while convenient and
inexpensive, may not be a good model for Brucella and results from infection in mice may
not be good predictors of immunogenicity and vaccine efficacy in livestock (Olsen 2013). In
summary, a number of research paths are being explored to address the issues of stability,
efficacy/safety, and the ability to differentiate between vaccine induced and natural
antibodies. Although some lines have shown promising results they are still at early stages.

1.3  Description of actors involved in brucellosis R&D and vaccine market

The AgResults pilot competition, which seeks an effective Brucella vaccine for small
ruminants, is open to capable entities, whether public or private. While the pilot expects to
attract private entities, other types of actors may enter the competition or work in partnership
with private solvers. Here we describe this landscape.

Brucellosis R&D institutions

Government research institutes and universities in several countries are the primary actors
currently involved in R&D on brucellosis (Exhibit 1-3). Some manufacturers are also actively
engaged in R&D, which they often carry out in collaboration with governmental research
institutes and universities. International organizations such as the International Atomic
Energy Agency and the Global Alliance for Livestock Veterinary Medicines (GALVmed)
participate in different capacities in activities related to Brucella vaccines. Vaccines against
brucellosis in livestock are also included as part of broader initiatives such as the Livestock
Vaccine Innovation Fund.

Exhibit 1-3. Select public and academic actors involved in R&D on Brucella

vaccines
O O

Argentina Instituto Nacional de Tecnologia Agraria
Brazil Universidade Federal de Minas Gerais
Canada University of Alberta
China Harbin Veterinary Research Institute
India Institute of Chemical Technology (Mumbai)
Mexico Universidad Autonoma (Mexico)
Spain Universidad de Navarra
UK Animal and Plant Health Agency
us National Animal Disease Center (USDA)

Virginia Tech University

Purdue University

Texas A&M University

Source: Selected actors, identified through contacts and proceedings of the International Brucellosis Conference.

! OMVs are vesicles that are released by the bacteria and contain outer membrane proteins. They

are a way of transporting or delivering bacterial components.

Abt Associates AgResults Evaluation Design — Brucellosis Vaccine Pilot April 2016 I 5




Brucella vaccine manufacturers and suppliers

According to the data repositories held by Vetvac (Vetvac 2010) and by the lowa State
Center for Food Security and Public Health (lowa State University 2015), 12 manufacturers
in 9 countries are currently producing Rev-1 vaccine (Exhibit 1-4). In addition, government
vaccine production laboratories in some countries may, more or less regularly, produce Rev-
1 vaccine for the immunization of their national livestock (Meritxell Donadeu, personal
communication, 2015). Many developing countries where B. melitensis is endemic rely on
imports from the main international manufacturers (Faisal Abd Al-Dayem, personal
communication, 2015). In recent years, international organizations such as the Food and
Agricultural Organization of the United Nations (FAO) and the World Bank have provided
financial assistance to developing countries where the disease is endemic, such as
Afghanistan, Somalia, or South Sudan, to procure the Rev-1 vaccine for large-scale control
programs (Afghanistan Ministry of Agriculture, Irrigation, and Livestock 2014; Faisal Abd Al-
Dayem, personal communication, 2015).

Exhibit 1-4. Rev-1 vaccine manufacturers by country

Country Manufacturer
Egypt Veterinary Serum and Vaccine Research Institute
France Ceva Santé Animale
India Indian Immunologicals Ltd.

Iran Razi Vaccine & Serum Research Institute
Jordan Jordan Bio-Industries Center (JOVAC)
Mexico National Biologicos Producer Veterinarios (PRONABIVE)
Spain CZ Veterinaria S.A.
Laboratorios SYVA S.A.
South Africa Onderstepoort Biological Products Ltd.
Turkey ATA FEN Inc.
Dollvet
Vetal Company

Sources: Vetvac (2010); lowa State University (2015).

Brucella vaccine purchasers and end users in developing countries

In many countries, brucellosis is a disease that is required by law to be reported to
government authorities (notifiable disease) because it affects animal and public health, and
the presence of brucellosis limits the international trade of livestock and livestock products
(Sherman 2011). Governments around the world have supported and continue to support
brucellosis control programs (Ward et al. 2012; Faisal Abd Al-Dayem, personal
communication, 2015; Taleski et al. 2002; Yumuk and O'Callaghan 2012; Seri¢-Haracic et
al. 2008; Alves et al. 2015), including the provision of free or subsidized vaccines in some
cases because of the economic benefits for the agricultural sector and human health
benefits. For example, a detailed study of the economics of brucellosis vaccination in
Mongolia concluded that a 10-year mass vaccination campaign using Rev-1 vaccine in small
ruminants and S19 vaccine in cattle would cost US$8.3 million and yield an overall benefit of
US$26.6 million. The study authors concluded that if sectors were to contribute in proportion
to the benefit to them, the public health sector would fund 11% of the costs (Roth et al.
2003).

The extent to which vaccination against B. melitensis should be treated as a private or public
good is an important consideration, as it will influence cost allocation, affordability, and
uptake by livestock producers (GALVmed 2013). Until now, government incentives have
been important to facilitate widespread adoption. Indeed, access to vaccines by end users is
often mediated by the government or international bodies such as FAO. Should a new
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vaccine that overcomes the main issues with current vaccines become available, different
types of purchasing arrangements may be possible.

1.4  Pilot design and theory of change

Pull mechanism for Brucellosis Vaccine pilot

As described in Section 1.2, Brucella vaccination is not common among rural households in
developing countries due to its limited effectiveness in small ruminants, concerns about its
safety for humans and pregnant animals, and a lack of thermostability, among other
challenges. These limitations present a need for R&D to improve the characteristics of
existing Brucella vaccines, particularly suitability for adoption in developing countries.

However, there is currently little incentive for the private, commercial sector to invest in new
Brucella vaccine development because companies expect revenue from the vaccine to be
low. Companies expect demand for the vaccine to come from low-income producers who are
hard to reach and have limited ability to pay for the vaccine. At the same time, there are high
costs for the development and registration of a novel Brucella vaccine, given the need to test
the safety and effectiveness of the vaccine after a full breeding cycle. The study of Brucella
also has high laboratory facility costs owing to the bacteria’s status as a Biosafety Level 3
(BSL3) material (pathogenic, potentially lethal). Currently, these high development and
registration costs outweigh the expected revenue from sales of the vaccine.

The AgResults Brucellosis Vaccine Pilot expects to incentivise the private sector to develop
a safer and more effective vaccine for B. melitensis (not B. abortus) by limiting private
companies’ investment risk. B. melitensis causes 90% of human brucellosis and is the
primary cause of brucellosis in small ruminants. Small ruminants are more abundant than
cattle in developing countries, particularly among the low-income, rural producers.

To win the grand prize in the AgResults brucellosis competition, a solver must develop a B.
melitensis vaccine that meets a defined target product profile (TPP). AgResults specified the
TPP characteristics that they determined would constitute a minimum viable product (MVP),
which are the minimum necessary features needed to manufacture the vaccine and ensure
uptake. To spur innovation along the path to ultimate success, AgResults seeks to
incentivize solvers with milestone prizes. These milestone prizes lead up to a US$20 million
grand prize to the first solver that registers a Brucella vaccine with the EU that meets the
TPP. Exhibit 1-5 presents the requirements of the TPP compared to the current Rev-1
vaccine. The TPP requirements seek to address many of the key limitations of the current
Rev-1 vaccine.

Exhibit 1-5. Minimum Viable Product (MVP) TPP requirements vs. Rev-1 vaccine
characteristics, by element

AgResults MVP TPP

Element Requirements
Strain/Animal B. melitensis in goats and sheep B. melitensis in goats and
sheep
Animal Abortion by vaccine <3% 20%
Safety Sheddingl On par with or better than existing Shedding occurs in milk
vaccine and reproductive tract
Adverse reactions? On par with or better than existing No/minimal adverse
vaccine reactions
Long-term infection® <2 months Long-term infections occur
Safe for use in pregnant Yes -
animals (i.e., no pathogen
transfer to foetus)
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AgResults MVP TPP

Element Requirements

Minimum age for vaccination | 3 months =

Route of Administration Vaccine injected by a vet; Intravenous or ocular
intramuscular or subcutaneous
Efficacy Prevention rate against No less than 85% efficacious in ~85% efficacious
abortion preventing abortions
Shedding of field strain’ No more than 1% of vaccinated No colonization
animals have tissue colonization
Onset of immunity 2 weeks -
Minimum age for vaccination | 3 months -
Duration of Protection At least 1 year Productive life of animals
Shelf Life No less than 8 months =
Cost Proven low-cost development to allow | Varies

vaccine to be priced for small-scale
livestock producer segment

Source: AgResults (2015b).
Notes:
! Shedding means that live bacteria or a virus (bacteria in the case of Brucella) injected via a vaccine is secreted
through bodily fluids, which can cause secondary transmission to veterinarians or livestock producers.

Adverse reactions refer to any undesirable effects from administering a vaccine (e.g., transient fever or local
reaction at the injection site).
% The vaccine strain may persist in the vaccinated animal over a certain period of time. The TPP requires that the
vaccine strain does not persist in the vaccinated animals for more than 2 months.
* The field strain is the strain of the disease that naturally circulates in the animal population, as opposed to the
vaccine strain. Shedding of the field strain is a measure of the efficacy of the vaccine. In this case, the TPP
requires that the field strain would colonize tissue in less than 1% of the vaccinated animals in the event of
exposure.

AgResults designed the TPP to include a feasible set of significant, needed improvements
for the vaccines, rather than all potentially important improvements. To spur other
improvements beyond the TPP, AgResults will award a US$5 million prize to the first solver
that registers a vaccine with the EU that meets the defined TPP and has at least one
additional best-in-class vaccine characteristic.” There are additional limitations of the current
vaccine that the TPP and best-in-class characteristics do not address—namely,
thermostability and suitability for differentiating between vaccinated and naturally infected
animals (DIVA). These or other improvements may occur in the course of developing this
vaccine or result from other R&D efforts.

The AgResults brucellosis vaccine pilot will also award two milestone prizes. AgResults
designed these payments to keep solvers engaged in the process, and to help defray their
costs along the way to ultimate success. However, milestone prizes are not intended to be
large enough to entice potential solvers that are not also interested in the end market.

The milestone prizes and final prizes are:

* Milestone 1: Successful application (Year 1, 2016-2017). The first 10 successful
applicants for enrolment in the pilot will receive US$100,000.

The “best-in-class” elements are: protection against the two most common strains, B. melitensis
and B. abortus (cross-strain protection) and inactivated vaccine that meets all the same
requirements as the TPP (animal and human safety).
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e Milestone 2: Efficacy study (Years 5-7, 2020-2022). The first three solvers to
successfully complete efficacy studies are eligible for an optional US$1 million
payment (conditional on submission of efficacy data).

e Grand prize: Vaccine registered (Year 8-9, 2023—-2024). The first solver that
successfully registers a product that meets the TPP requirements set out by
AgResults will receive US$20 million. In addition, US$5 million will be awarded to any
solver (including the first solver) that registers a product with additional best-in-class

elements.

Brucellosis Vaccine Pilot theory of change

The Brucellosis Vaccine Pilot’s theory of change, as shown in Exhibit 1-6, reflects the causal
logic by which AgResults hypothesises the project intervention will lead to more private
sector investment in development of a vaccine for use in developing countries. The theory of
change examines the aspects of the intervention hypothesized to change outcomes from
what would have emerged in a Brucella vaccine market in the absence of the pilot (i.e., in

hypothesized areas of development impact).

Exhibit 1-6. Brucellosis Vaccine Pilot theory of change

Intermediate

Imjfts outcomes
US$100K payment At least 10
to top 10 e

. qualified
applicants who solvers appl
register \l,pp Y

US$1M payment
to each of the first
4 solvers to
complete efficacy
study

US$20M payment
to first solver who
registers vaccine
meeting TPP

US$5M payment to
first solver who
registers “best-in-
class” vaccine

Solversinvestin
and conduct R&D
for B. melitensis
vaccine

¥

At least 4 solvers
complete efficacy

study
v

Final
outcomes

Impact

Registration of
improved and
affordable Brucella
vaccine for B.
melitensis in
ruminants for use
in developing
world meeting
TPP

Improved
livelihoods for poor
livestock owners
through mitigation
of costs and lost
income

Solvers develop
vaccine meeting
TPP

Economic and
health benefits
through mitigation
of human
infections

Registration of
Brucella vaccine
meeting “best-in-
class” criteria

Solvers develop

vaccine meeting “best-
in-class” criteria

Prevention of
future brucellosis
outbreaks

Economic theory and the current characteristics of the Brucella vaccine market underlie the
pilot theory of change, including the expected intermediate outcomes and the development
of an improved vaccine. We list several expectations below that motivate and inform the

focus of our economic theory-based evaluation:

e The grand prize will motivate solvers to participate and develop an improved
vaccine. The chance to win a US$20 million prize will motivate some private sector
solvers that would not have done so otherwise to invest in the development of a
vaccine that meets the TPP. Doing so increases expected net revenue from the prize
value (should they win) minus anticipated investment costs (Kremer and Williams
2010; Mueller-Langer 2013; Williams 2010; Fisher and Syed 2012; Berndt et al.
2007). Economic theory posits that the anticipated net economic return from
patenting an improved vaccine is not sufficient currently to spur private sector
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investment in development of a vaccine, owing to limited demand.? A perceived
positive probability of receiving one or more of the AgResults prizes increases
expected net revenue. However, the prizes may not address other failures in the
vaccine market, such as consumers’ lack of knowledge (or incorrect knowledge)
about the benefits of the vaccine.

e Prize competitions will influence solvers by non-monetary means. In addition to
influencing firms’ expected net revenue, prizes can exert other means of influence to
spur technology innovation for development applications through multiple further
channels. First, prizes can shape the characteristics of vaccines developed by
specifying technical requirements that would make the vaccine appropriate for use by
underserved populations (Kremer and Glennerster 2004). Second, prizes can
mitigate information asymmetries between pharmaceutical companies and
governments regarding the health benefits of products on the one hand and the most
promising and cost-effective routes to vaccine or drug innovation on the other by
spurring information sharing between participating actors (Fisher and Syed 2012;
Mueller-Langer 2013). Finally, solvers may exert effort above the level that
maximizes their expected monetary gains from participation; for example, for
reputational, social, or political reasons (Mansfield 1984; Williams 2010; Murray et al.
2012; Brunt, Lerner, and Nicholas 2008).

e Costs of participation will vary across solvers. In addition to the prize amount,
economic theory suggests that several other factors that influence the cost of
participation will differ across solvers (Kay 2012). First, solvers’ pre-existing technical
capacity may vary, and thus their potential to solve the problem for a given additional
cost. Second, solvers’ varying regulatory environments can influence their expected
net revenue and their costs of participation—it may be higher in countries with more
regulation, and lower in countries with less regulation. Third, the degree of
uncertainty in technological success can influence whether or not solvers are
optimistic about potential success in the competition (Boudreau, Lacetera, and
Lakhani 2011).

e Certainty about prize rules and governance affects solvers’ participation. The
degree of certainty about the prize rules and the criteria and process for judging the
innovation—or prize governance—can also influence both solvers’ cost of
participation and expected revenue from entering the competition, which in turn will
affect participation (Kremer and Glennerster 2004).

e Theincreased number of actors involved will increase the likelihood of
successful vaccine development. According to the AgResults brucellosis business
plan, up to 10 mid-size solvers are expected to successfully apply for the pilot prize
(AgResults 2015a). Currently, dozens of universities and private sector organizations
are pursuing research in Brucella vaccines. However, only a small number of entities
have manufacturing capabilities, and only a few account for most of the global
production of Brucella vaccines. The significant prize amounts are expected to
decrease solvers’ need to recoup vaccine development costs from revenue and thus
will incentivize more companies to engage in vaccine R&D. An increase in the
number of actors involved in R&D on Brucella vaccines in the developing country
context will increase the likelihood of vaccine development that meets the TPP
requirement (Kremer and Glennerster 2004).

¥ Section 1.2 of this document describes the causes of this low demand in rural areas of developing

countries, which include low awareness, limited ability to pay, thermostability limitations, and
concerns around safety and efficacy.
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The proposed large grand prize will limit the need for the solver to recoup R&D
costs through higher pricing and sales to developing countries. Because the
grand prize of US$20 million will offset R&D and capital costs, the successful solver
will not need to recoup the same level of costs through its developing country pricing
and sales. This could lower pricing and the successful solver could adjust pricing to
recover operational costs of manufacture and distribution rather than recovering R&D
costs from future sales prices. The TPP requirement that the vaccine have low
production costs should enable solvers to offer lower pricing and counteract the full
patent rights that solvers will retain for novel vaccine developments in this
competition.

The grand prize will fuel diversity of product offers and prices. The prize may
affect prices if greater competition in the development of a new vaccine leads to
greater diversity of products. Increased product diversity would give low-income
consumers more choice, would increase competition for Brucella vaccine market
share, and could decrease prices overall or in developing country markets. A novel
vaccine with improved safety and effectiveness could fulfil demand not only in
developing country markets but also in high-income markets where established
vaccine suppliers could lose market share unless they compete on price or offer a
new product with similar characteristics. As in the human vaccine market, solvers
would ideally be able to sell a new vaccine at a high price in high-income countries
and at a low price in low- and middle-income countries.

Solvers’ participation in the competition may have spillover effects on related
technologies. Even if a solver does not win the grand prize, it is possible that the
solver’s efforts to obtain the prize or achieve one of the milestones will improve the
solver’s ability to develop and manufacture related technologies. Development of
new technologies, novel application of existing technologies, and commercial
readiness of technologies more generally may all be enhanced by efforts to achieve
the AgResults prizes.

An improved vaccine will increase use of Brucella vaccines in developing
countries. Adoption of the vaccine by small-scale livestock producers (or by
governments in developing countries) is expected to increase once a safer and more
effective B. melitensis vaccine is available, provided pricing is affordable and the
improved vaccine is suitable for use by small-scale livestock producers (including
TPP characteristics and other needed improvements such as thermostability and
DIVA).

An improved vaccine will increase feasibility of mass vaccination campaigns
for global brucellosis control. If greater acceptance of a safer and more effective
B. melitensis vaccine by small-scale livestock producers results from solvers’
success, mass vaccination campaigns will become feasible as a tool for achieving
global control targets for small ruminant brucellosis.

Our evaluation of AgResults will closely analyse the fulfilment of these theories of change—
namely, the prize’s effectiveness in spurring private sector investment in vaccine R&D and
the development of an improved vaccine. We will also examine the cost-effectiveness of the
pilot, the sustainability of its impact (if additional resources and a time extension are
provided beyond the current evaluation contract), and lessons learnt about competition
design in general. Our evaluation questions are as follows:

1. What evidence exists that the AgResults brucellosis vaccine pilot was able to

stimulate private sector involvement in the development of agricultural
technology/innovation?
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2. Did the AgResults pilot lead to development of new, useful technologies? What levels
of innovation short of, or beyond, the specified requirements did the AgResults pilot
lead to in the development of the technology?

3. What evidence exists that the AgResults pilot developed a technology that will have
the anticipated development impact? Were the required technology specifications well
suited to address the constraints expected to limit the development impact?

4. What is the evidence on the scale of any effect on private sector investment and the
cost-effectiveness (relative to no intervention or traditional push mechanisms) of
AgResults as a development strategy?

5. What evidence exists that the impact of the AgResults pilot (e.g., private sector
involvement and innovation uptake) is sustainable in the medium to long term (2 years
after the end of the initiative)? (If resources and time extension provided beyond
current evaluation contract)

6. What lessons can be learnt about best practices in the design and implementation of
R&D pull mechanisms?

Section 2 describes our approach to answering these evaluation questions.
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The evaluation questions, introduced in Section 1.4, are specifically framed for the
AgResults brucellosis vaccine pilot. At the same time, the overall AgResults evaluation
approach intends to inform the design of future pull mechanisms generally by applying a
common framework across pilots. Without ignoring this mission, the unique R&D focus of the
brucellosis vaccine pilot—rather than the technology-adoption focus of the other pilots—
leads us to somewhat modify the framing of our evaluation questions and alter the research
methods and data involved compared to the design of other pilots.

This section presents our evaluation questions and our overall research methods. We outline
the evaluation questions and the methods we will use to answer each question in Exhibit
2-1. Broadly, the evaluation questions address private sector involvement, technology
innovation, development impact, cost-effectiveness, sustainability, and lessons learnt.
Sections 2.1 through 2.6 provide details on what we aim to learn from evaluation questions 1
through 6, respectively, and present the methods that we will use to answer the questions.

Exhi

bit 2-1.

Evaluation questions and methods

i \ Evaluation question Method

1 | What evidence exists that the AgResults pilot was Qualitative assessment — private solver motivation,
able to stimulate private sector involvement in the decision making, and investment in developing
development of agricultural technology/innovation? | technology from baseline to endline

2 | Did the AgResults pilot lead to development of new, | Case comparison study of alternative disease
useful technologies? What levels of innovation short | vaccine R&D — assessment of technology
of, or beyond, the specified requirements did the development from baseline to endline comparing
AgResults pilot lead to in the development of the progress for B. melitensis to that of other similar
technology? diseases along key vaccine development

milestones, such as creating a lab animal model,
completing an efficacy study, and registering a
vaccine

Qualitative assessment — success and failure in
meeting TPP requirements by industry and solver
organizational characteristics

3 | What evidence exists that the AgResults pilot Qualitative assessment — actual progress and
developed a technology that will have the stakeholder perceptions of potential for adoption
anticipated development impact? Were the required
technology specifications well-suited to address the
constraints expected to limit the development
impact?

4 | What is the evidence on the scale of any effect on Cost-effectiveness simulations — calculations of the
private sector investment and the cost-effectiveness | cost per infection averted in small ruminants and the
(relative to no intervention or traditional push implied return on investment given small ruminant
mechanisms) of AgResults as a development prices
strategy?

5 | What evidence exists that the impact of the Qualitative assessment — actual progress and
AgResults pilot (e.g., private sector involvement and | stakeholder perceptions about vaccine
innovation uptake) is sustainable in the medium to manufacture, sale, and adoption
long term (2 years after the end of the initiative)? (If
resources and time extension provided beyond
current evaluation contract)

6 | What lessons can be learnt about best practices in Synthesis of learning from other questions (and also
the design and implementation of R&D pull integrated with learning from other technology
mechanisms? development pilots)

2.1 Evaluation question 1

What evidence exists that the AgResults pilot was able to stimulate private sector
involvement in the development of agricultural technology/innovation?
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The brucellosis vaccine pilot theory of change posits that the prospect of winning the grand
prize will spur potential solvers to invest in R&D activities, leading to a product that meets
the TPP. Under evaluation question 1, we analyse this premise. Specifically, we will study
solvers’ participation in the pilot and non-participating capable entities’ decisions to not
participate. We will investigate solvers’ motivations, decision making, and investments in
relation to the ex-ante incentives as pledged by the prize and the prize governance. Solvers’
participation strategies will vary based on their organizational characteristics, R&D capacity,
and team diversity—as well as the regulatory context (or ‘climate’) of their host countries.
Our chief aim in addressing this question is to use solvers’ responses to the prize and its
governance to inform and refine our understanding of the economics of monetary prizes as
pull mechanisms and the pilot’s theory of change.

To gain this benefit, we will assess evaluation question 1 on an ongoing basis, so that we
can evaluate how solver participation evolves throughout the pilot. Exhibit 2-2 summarizes
our approach to studying the different elements and phases of private sector involvement—
we state our basic research method at the top and the research sub-questions, metrics, and
data sources in the columns below. In the discussion that follows, we describe the factors we

expect may influence solver participation and how we will study them.
Exhibit 2-2. Evaluation question 1: sub-questions, metrics, and data sources

EQ 1: What evidence exists that the AgResults Brucellosis vaccine pilot was able to stimulate

private sector involvement in the development of agricultural technology/innovation?

Method: Qualitative assessment — private solver motivation, decision making, and investment in
developing technology from baseline to endline

Sub-questions Metrics Data sources

Semi-structured interviews with
solvers and non-participating
capable private entities

¢ Do participants understand the e Number, nationality, and type of
rules of the competition and trust officially registered solvers
that they will be carried out as

ST ¢ Change in organizational

structure of solvers Small sample questionnaires with
solvers and non-participating

capable entities

¢ Do participants trust that the
prizes will be delivered to the
winner, as specified?

e Timing of competition entry and
exit of solvers by number and
type Public documents and media

* Does the prize governance « Solver-reported primary and

AgResults monitoring data (e.qg.,

proceed as originally presented?

What is the organizational
structure of the participating
solvers, and how does it evolve?

How do the potential solvers
vary in pre-existing capacity,
market opportunity, national
regulatory environment, and
interest in solving development
challenges for purely
social/reputational reasons?

Is the AgResults prize design
better suited to some types of
solvers more than others?

Do the prizes equal or exceed
the cost of solvers’ participation
net of the revenue the solver
would expect from the
technology in absence of the
prizes?

Are private solvers otherwise
incentivized to enter and
maintain participation in the
competition?

What is the average solver's

secondary reasons for
competition exit

Number, job function, and
expertise of solvers’ prize team
members

Number and type of
organizations that partner with
registered solvers

Number of people attending
competition events

Overall media impressions and
change over time

Number of members in the
prize’s online community

Number of news articles and
press releases about prize by
actor type

Twitter and Facebook posts
about prize by country of post

Solvers’ stated primary and
secondary motivations and
drivers of decision making for
entrance and engagement

Number and type of solver R&D

solver entry and exit, solver
investment in R&D for competition)
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investment (inclusive of all costs activities
associated with participation),
and how did it vary across
solvers?

e Key characteristics of market for
livestock disease vaccines in
each country of solvers

e Solver-stated perceptions of
state Brucella vaccine
technology

e Solver-stated perceptions of
market potential for current and
improved Brucella vaccine

¢ R&D expenditures by solver

¢ Funding sources and leverage
type for R&D expenditures by
solver, including additional
funding received as result of
prize participation

¢ In-kind contributions received by
solvers

e Working hours spent by solvers

¢ Expenditures on other (non-
R&D) prize-related activities by
solver

e Solver annual revenue from
current Brucella vaccine

e Solver expected annual revenue
and buyers from improved
vaccine

We expect that the public profile of the competition and the perception of the competition on
the part of potential solvers will influence what organizations enter the competition and
when. We will document the pilot launch event(s) (and any subsequent events) and the
public response by direct observation of events and by tracking press coverage and social
media posts (Murray et al. 2012).* We will document the events by taking notes about the
substance of the events, the delivery (e.g., speeches, press conference, written material),
and attendees. We will try to gauge the extent of dissemination and the public profile of the
competition to understand the types of solvers that register at different points in the
registration period. The timing of entry in relation to public events may help us understand
some aspects of solvers’ maotivation to enter and their perceptions of the competition. For
example, if a multi-national pharmaceutical company registers as a solver following a high-
profile announcement and significant publicity about the competition, we will assess the
degree to which they are interested in the end market compared to the reputational benefit of
competing for the prize.

We also expect that the market context and potential solvers’ characteristics will influence
the incentives and barriers that affect those organizations, which will in turn influence their
competition participation. To understand these factors, we will collect and analyse data on
both market context and solver characteristics. To understand the market context, we will
develop a summary matrix of the animal vaccine industry in each country in which a solver is
headquartered (or where brucellosis R&D facilities are located if in a different country from
headquarters). We will develop a common structure for these matrices that addresses key
industry and market characteristics, actors, incentives, and barriers. We will also follow
changes in the Brucella vaccine market throughout the pilot period and update the matrices

*  Direct observation allows researchers to collect information about specific practices and

behaviours without relying solely on participants’ self-reporting (Bernard 2006:354—-356).
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as needed. A detailed list of industry characteristics that we will include in the matrices is
included in Appendix A.

To further understand solver organizations, we will develop organizational profiles of each
solver, again following a common structure. These organization profiles will define
organizational characteristics, vaccine R&D activities, and project team composition and
member characteristics (e.g., scale of R&D, number of R&D projects, proportion of revenue
invested in R&D, experience in BSL3 manufacturing, number and characteristics of project
team members). A detailed list of solver characteristics that we will include in the profile
matrices is included in Appendix A. We will also create abbreviated organizational profiles
for non-participating capable private entities using publically available information.

As part of the solver profiles, we will also track solvers’ monetary and other investments to
determine the scale of investment spurred by the pull mechanism. We will collect self-
reported data on solvers’ investments in Brucella vaccine R&D by leverage type and source
to assess the change in investment commitment before the pilot period and after entry into
the competition. We will also track solvers’ expenditures to fulfil requirements such as
competition entry applications, documentation for milestone prizes, and vaccine registration
in the EU. We will use interviews with key personnel to investigate how solvers make
investment decisions given the market potential and prize design (e.g., who is involved in
decision making, what factors they consider, and how they weigh those factors). In Sections
3 and 4, we discuss how we will address the potential challenges we may face in inducing
solvers to share information.

To understand organizations’ participation in the competition, we will interview solvers and
non-participating capable private entities to explore their motivations, decision making, and
investments regarding the competition. We will compare industry and organizational
characteristics to solvers’ and non-participating capable private entities’ reported perceptions
of the prize, motivation to participate (or not participate) in the competition, and their
response to the prize incentives and design. For example, we will examine how the diversity
and capability of R&D staffs, previous academic or industry partners, and internal
organizational structure relate to perceptions of the feasibility of successful vaccine
development. We will also interview solvers about their perceptions of the market for an
improved vaccine and assess how those perceptions relate to investment decisions. For
example, limited knowledge about small-scale livestock producers’ demand for an improved
vaccine or uncertainty about how to address livestock producers’ vaccine access constraints
may deter some potential solvers from engaging in the competition. We will ask each
respondent interviewed at participating solver organizations about their perception of the
importance and influence of the AgResults prize in their organization’s decision making
regarding R&D efforts towards finding a successful Brucella vaccine and spinoff technology
achievements.

In summary, we plan to address evaluation question 1 by describing how potential solvers
respond to the ex-ante prize announcements and prize governance given each
organization’s unique business and regulatory context. This analysis will help us to comment
on the pilot’s theory of change and identify the economic drivers of competition participation.
Exhibit 2-2 lists the data sources needed to support these analyses. Section 3 describes in
detail our data collection and analysis plan for addressing this evaluation question. Appendix
B presents the interview guides and questionnaires that we plan to use for data collection.®

® These are the baseline interview guides and questionnaires. As appropriate, we will update them for
the ongoing assessment, midline, and endline data collection.
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2.2  Evaluation question 2

Did the AgResults pilot lead to development of new, useful technologies? What levels
of innovation short of, or beyond, the specified requirements did the AgResults pilot
lead to in the development of the technology?

The pilot’s theory of change posits that at least one capable solver will be motivated by the
prize amount to invest sufficient R&D to achieve the TPP and product registration within the
pilot timeframe. The competition’s milestone prizes may also help reduce potential solvers’
investment risk and therefore help them to achieve new or useful advances even without
winning the grand prize. Failure or success in achieving the TPP will be widely known based
on the emergence of a public announcement of the award of the grand prize. However, it is
important to understand in more detail what technology innovations are achieved in other
related areas—and by other solvers engaged in the competition beyond the grand prize
winner (if any). Hence, we will assess levels of innovation, short of or beyond the specified
requirements (e.g., thermostability and DIVA), accomplished by all the participating solvers.
We will also assess whether the pilot may have affected the development of novel
applications for vaccines other than B. melitensis vaccine.

We will examine evaluation question 2 on an annual basis to report the development of new
and useful technologies throughout the pilot. We will use qualitative assessment methods to
examine technology innovation achieved by solvers. As part of semi-structured interviews
with solvers, we will ask questions about their innovation progress to learn details about the
innovations they achieve and the constraints they face. The interview responses will help us
to understand what common problems solvers face and which are unique to their
organizations.

We will also use a more formal case comparison methodology, described below, to help
interpret descriptive information about the potential causal role of the pilot prizes in inducing
the changes seen. Exhibit 2-3 summarizes our approach to these analyses, including the
research methods at the top plus the research sub-questions, metrics, and data sources in

the columns below.
Exhibit 2-3. Evaluation question 2: sub-questions, metrics, and data sources

EQ 2: Did the AgResults pilot lead to development of new, useful technologies? What levels of

innovation short of, or beyond, the specified requirements did the AgResults pilot lead to in
the development of the technology?

Methods: Case comparison study of alternative disease vaccine R&D — assessment of technology
development from baseline to endline comparing progress for B. melitensis to that of other similar
diseases along key vaccine development milestones, such as creating a lab animal model, completing
an efficacy study, and registering a vaccine

Qualitative assessment — success and failure in meeting TPP requirements by industry and solver
organizational characteristics

Sub-questions

Metrics

Data sources

What were the characteristics of
the winning solvers?

What are the characteristics of
the solver that met best-in-class
criteria? Is the solver expected to
develop the vaccine?

Are other solvers also close to
developing a vaccine? How
many years would it take to
develop it?

What TPP elements were met,
which were not? Why not?

Time required to complete
vaccine R&D stage for

B. melitensis and alternative
diseases by solver and non-
participating capable entity
Number of solvers and non-
participating capable entities that
meet each vaccine R&D stage
for B. melitensis and alternative
diseases

Time required to meet each TPP
and best-in-class element for

Semi-structured interviews with
solvers, non-participating
capable private entities, and
relevant experts

Small sample questionnaires
with solvers and non-
participating capable private
entities

Public documents (e.g., vaccine
patent applications) and
secondary data

AgResults monitoring data
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e Which TPP elements are more
difficult to meet than others?

e How does innovation towards a
B. melitensis vaccine compare to
the development of vaccines for
similar diseases?

¢ Are the specifications relevant to
other useful technologies?

¢ Do the participating solvers have
incentive to apply the
innovations to related
technologies?

¢ Do the participating solvers have
sufficient capacity, market
opportunity, and interest to apply
AgResults-related innovations to
related technologies?

B. melitensis by solver and non-
participating capable entity

o Number of solvers and non-

participating capable entities that
meet each TPP and best-in-class
element for B. melitensis

e Number of published research

papers on B. melitensis vaccine
development by solvers and non-
participating capable private
entities

Solver-reported primary and
secondary constraints to meeting
each TPP and best-in-class
element

Number and type of spillover
effects of innovation or other
related technology outputs as
reported by solvers and experts
(e.g., application of technology to
vaccines for other neglected
diseases)

We will seek to understand the importance of the AgResults prizes in terms of the progress
seen in technology development. We will do this through a case comparison study of similar
diseases not subject to pull mechanism prizes. That is, to help us understand whether
AgResults’ pull mechanism prizes were instrumental in spurring the observed R&D
innovation, we will compare the development of the B. melitensis vaccine within the pilot to
the development of vaccines for other similar diseases over the same time period where no
pull mechanism prizes are in place. The indicators of progress and innovation will be the
individual requirements of the TPP (see Section 1.3), thermostability, DIVA, and solvers’
progress along the vaccine development process as shown in Exhibit 2-4 to assess and
compare the speed and degree of solvers’ progress through the pilot milestones. If
innovation appears to be faster for brucellosis than for these comparison diseases during the
prize period, we can more confidently state that the prizes were influential in spurring
innovation. We plan to report aggregates of these development milestones, and if sensitive,
will administer anonymized web surveys to collect this information. To further characterise
solvers’ innovation progress, we will ask solvers’ to rate the level of novelty of the technology
they used to achieve each milestone (Kay 2012).

Exhibit 2-4.
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Source: AgResults (2015b).
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This exercise is motivated by previous studies comparing incentivized technologies to
technologies that are not incentivized (Brunt, Lerner, and Nicholas 2008; Nicholas 2010).
These studies use large samples of prizes and historical data on innovation to test for
statistically significant differences across the two. While we will not be able to test
statistically for significant differences given the small set of comparable diseases that share
relevant characteristics with B. melitensis, we will be able to gain a more descriptive
understanding of how the brucellosis R&D progress compares to R&D progress for other
diseases.

In order to establish an informative comparison, our goal is to select cases for comparison
from diseases sharing as many characteristics as possible with brucellosis, including
problems with existing vaccines for those diseases. The following characteristics of
brucellosis guide our choices of comparison diseases:

o Diseases affecting small ruminants: B. melitensis largely affects small ruminants.

e Bacteriavs. viral disease or parasite: Brucellosis is infection with bacteria rather
than another type of pathogen, and this may affect the challenges involved in vaccine
development.

e Zoonosis: A key characteristic of brucellosis is its transmissibility to humans, which
creates human safety concerns and costs in research laboratories.

e Abortion: Like the disease, the current vaccine may cause abortion, which makes
vaccination of healthy animals potentially costly to small-scale livestock producers.

o Limited R&D activity: We selected diseases similarly ‘neglected’ in terms of
substantial research and development activity.

A desk review and expert opinion informed our choices of counterfactual diseases based on
these criteria. In particular, given the importance of abortion caused by the disease and
current vaccine and zoonosis, we prioritized those characteristics while also paying attention
to the thermostability of available vaccines. We also selected diseases with a similarly low
state of current R&D. Given these criteria, our current list of candidate counterfactual
diseases includes Q fever, Campylobacter fetus, Chlamydophila abortus, toxoplasmosis,
salmonellosis, leptospirosis, Rift Valley fever, bluetongue, Nairobi sheep disease, and
contagious agalactia. A list of these candidate diseases and their characteristics along
dimensions relevant for comparison to B. melitensis is presented in Appendix C.

We will track the comparison diseases during the pilot period to assess progress towards
development of vaccines for them. We will collect data from solvers and a small sample of
non-participating capable private entities about vaccine development progress for B.
melitensis and for as many milestones involving case comparison diseases as possible. We
will then track the vaccine development progress in all cases through the following stages:

=

Development of a lab animal model
Preliminary safety/efficacy tests
Creation of a master seed bank
Manufacturing process development
Lab safety study

Efficacy study

Study of vaccine duration of immunity
Field study

© © N o g s> w D

Write-up of dossier
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10. Submission of dossier for registration of the vaccine

11. Vaccine registration

These are the milestones established in the brucellosis vaccine pilot’s business plan and
shown in We will seek to understand the importance of the AgResults prizes in terms of the
progress seen in technology development. We will do this through a case comparison study
of similar diseases not subject to pull mechanism prizes. That is, to help us understand
whether AgResults’ pull mechanism prizes were instrumental in spurring the observed R&D
innovation, we will compare the development of the B. melitensis vaccine within the pilot to
the development of vaccines for other similar diseases over the same time period where no
pull mechanism prizes are in place. The indicators of progress and innovation will be the
individual requirements of the TPP (see Section 1.3), thermostability, DIVA, and solvers’
progress along the vaccine development process as shown in Exhibit 2-4 to assess and
compare the speed and degree of solvers’ progress through the pilot milestones. If
innovation appears to be faster for brucellosis than for these comparison diseases during the
prize period, we can more confidently state that the prizes were influential in spurring
innovation. We plan to report aggregates of these development milestones, and if sensitive,
will administer anonymized web surveys to collect this information. To further characterise
solvers’ innovation progress, we will ask solvers’ to rate the level of novelty of the technology
they used to achieve each milestone (Kay 2012).

Exhibit 2-4 above.

Data sources for all the planned analyses of evaluation question 2 are listed in Exhibit 2-3.
Section 3 describes the data collection procedures and analysis methods involved.

2.3  Evaluation question 3

What evidence exists that the AgResults pilot developed a technology that will have
the anticipated development impact? Were the required technology specifications
well suited to address the constraints expected to limit the development impact?

The pilot theory of change suggests that the ex-ante technical specifications (TPP) for a
Brucella vaccine, if achieved, will help make global progress towards reducing, if not
eliminating, B. melitensis in small ruminants in rural farming areas of developing countries.
Progress towards eliminating B. melitensis involves not only advancing the state of
technology, but also successfully marketing a new product and reaching buyers in rural
areas.

Therefore, we will review the TPP and obtain stakeholders’ perceptions of whether the TPP
describes a product that would succeed in rural, developing settings. We will also ask
stakeholders about the current challenges to successful promotion that makes vaccination
use a widespread practice. To gauge these factors, we will conduct stakeholder interviews
with solvers, distributors, brucellosis experts, farmer and veterinary organizations, and
institutional buyers. We will compare the TPP and best-in-class characteristics of the vaccine
to the constraints of likely small-scale livestock producers to assess the appropriateness of
the TPP for small-scale livestock producers. For instance, we will examine if other
improvements are needed to enable uptake by small-scale livestock producers, such as
improved thermostability. We will also interview stakeholders and potential institutional
buyers about likely options for end users’ vaccine procurement, as access to the vaccine is a
potential constraint to small-scale livestock producers’ uptake. Throughout the pilot, the team
will maintain an up-to-date understanding of the primary geographic regions that stand to
benefit from a new vaccine and the impediments suppressing vaccine supply or demand in
those regions. Exhibit 2-5 summarizes our approach to obtaining evidence that the pilot was
successful in achieving a development impact.
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Exhibit 2-5. Evaluation question 3: sub-questions, metrics, and data sources

EQ 3: What evidence exists that the AgResults pilot developed a technology that will have the
anticipated development impact? Were the required technology specifications well suited to

address the constraints expected to limit the development impact?

Method: Qualitative assessment — actual progress and stakeholder perceptions of potential for
adoption

Sub-questions Metrics Data sources

e What is the expected pricing of e Primary and secondary e Semi-structured interviews with

the vaccine?

Are buyers able to pay the
anticipated sale price for the
vaccine, if completed?

Were the TPP and achieved
characteristics of the vaccine
well suited to address the small-
scale livestock producer
constraints expected to limit
technology adoption?

Does the improved vaccine, if
completed, address the key
market failures? Do new,
unanticipated market failures
develop during the pilot
timeframe?

constraints to small-scale
livestock producers’ vaccine
adoption in key markets as
reported by relevant experts and
stakeholders

Primary and secondary
constraints to small-scale
livestock producers’ adoption
constraints addressed and not
addressed by achieved vaccine
characteristics as reported by
relevant experts and
stakeholders

Number of Brucella vaccine
procurement announcements by
vaccine type and year in key

solvers, relevant experts and
stakeholders (e.g., key
manufacturers and distributors,
farmer groups, and veterinary
associations) and potential
institutional buyers (e.g.,
government entities)

Public documents (e.g., reports
and vaccine procurement
announcements) and secondary
data

developing country markets and
by institutional buyers (e.g.,
World Bank, FAO)

e Expected price of the improved

vaccine if manufactured by
solver

Several factors may influence the uptake of a new B. melitensis vaccine in developing
countries, which is the ultimate objective of the pilot. The improved vaccine, as specified in
the TPP, may not address all the key adoption constraints in developing countries, namely
limited thermostability that could limit administration and lack of DIVA that could limit
livestock sales. Further, some small-scale livestock producers themselves might not be
willing to pay out-of-pocket for a vaccine, at any price. For small-scale livestock producers
who may be interested in self-paying, a safer and more effective vaccine with a slightly
higher price may not be as appealing as existing vaccines. We will explore these issues and
other potential barriers to uptake during interviews with stakeholders. We will report on
stakeholders’ perceptions of the variation in small-scale livestock producers’ awareness of
brucellosis and B. melitensis incidence and impacts, B. melitensis vaccines, and willingness
to pay for an improved B. melitensis vaccine. As described below in Section 2.4, we will
conduct cost-effectiveness break-even analysis to determine what level of adoption is
needed to equal the pilot cost. We will consider the findings of this analysis as part of
evaluation question 4 when determining if the pilot has the anticipated development impact,
as cost-effectiveness is a component of the pilot’s effectiveness.

We will also explore indirect development effects that the AgResults pilot may have. For
example, achievement of a successful vaccine could increase awareness and engagement
of governments in provision of other Brucella vaccines—both new and existing. Stimulating
general debate, discussion, and engagement on provision of vaccines for Brucella in small
ruminants could be an important outcome. We propose to look for indicators of increased
‘attention’ of this sort through occasional interviews with key actors from the main endemic
regions for the disease. In particular, we will inquire whether respondents perceive any
changes in activities around brucellosis control, such as governments or international bodies
pushing harder to facilitate access to B. melitensis vaccines.
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Section 3 describes our data sources and sampling plan for this analysis. Section 3 also
describes how we will analyse and synthesize the information that we collect.

2.4 Evaluation question 4

What is the evidence on the scale of any effect on private sector investment and the
cost-effectiveness (relative to no intervention or traditional push mechanisms) of
AgResults as a development strategy?

The premise for this pilot is that an innovation prize is the most cost-effective way to spur the
development of a B. melitensis vaccine that can be successful in rural areas of developing
countries. We will examine the cost-effectiveness of the pilot by examining the costs of
competition governance and the prize awards and comparing them to the projected number
of small ruminant infections averted—and the cost savings to society of that result. Exhibit
2-6 lists the sub-questions we identified for this area of research along with potentially
metrics and data sources.®

Exhibit 2-6. Evaluation question 4: sub-questions, metrics, and data sources

EQ 4: What is the evidence on the scale of any effect on private sector investment and the

cost-effectiveness (relative to no intervention or traditional push mechanisms) of AgResults as
a development strategy?

Method: Cost-effectiveness simulations — calculations of the cost per infection averted in small ruminants and
the implied return on investment given small ruminant prices

Sub-questions Metrics Data sources
e What is the total cost of AgResults’ investment: e Small sample questionnaires
competition governance, e Prize governance costs by pilot with solvers
inclusive of the awarded prlzes? manager and Secretariat e Public documents and
¢ Where are unexpected costs or « Technology verification costs secondary data for user-entered
savings in the administration of o Prize allotment parameters (e.g., expected
the prizes? _ number of cases of small
« What is the expected number of Solvers |nvestment. ruminant infection averted, cost
infections averted in small * R&D expenditures of cases not averted)
ruminants? ° Expenditures on other (non_ (] AgReSUltS monitoring and p||0t
« What s the total cost of R&D) prize activities data (e.g., governance costs,
competition governance, e In-kind contributions from ve(:jflcatlon costs, prize amounts
inclusive of the awarded prizes, partners paid)
in terms of the cost per infection
averted?

e What is the total cost of the
competition, inclusive of solver
expenditures and in-kind
contributions?

e What is the cost of the disease
burden in small ruminants?

e What is the implied return on
investment given ruminant
prices?

e What is the break-even vaccine
adoption rate that equates the
total cost with the total benefits?

We will collect data from the Secretariat on the full costs of prize governance and prize
payments. Cost-effectiveness then follows from a range of assumptions about the
acceleration in development towards a TPP product caused by the AgResults pull
mechanisms. With further inputs regarding the burden of the disease and a range of

® For these questions, we will conduct a sensitivity analysis to determine likely ranges for outcomes
based on our best estimates of parameter ranges.
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assumptions about uptake of the vaccine following development, we can calculate the net
present value of the disease burden averted per dollar in costs of the mechanism. Under a
variety of scenarios, this calculation will produce findings on cost per infection

averted (assuming the animal is unusable once infected) and the implied return on
investment given small ruminant prices. We will also conduct a breakeven analysis to
determine the parameter ranges for which the net present value is positive for the return to
the prize. This method—following Berndt et al. (2007), who undertook a similar simulation
and sensitivity analysis for a malaria vaccine—is described in detail in Section 3, along with
its required data sources.

2.5 Evaluation question 5

What evidence exists that the impact of the AgResults pilot (e.g., private sector
involvement and innovation uptake) is sustainable in the medium to long term
(2 years after the end of the initiative)?

The pilot’s theory of change anticipates that a vaccine meeting the TPP will be marketable
and produce economic progress for livestock producers in developing areas around the
world. If such impacts occur, the sustainability of these effects is an important barometer of
the AgResults pilot’s ultimate success in making a significant, long-lasting contribution to the
development goals that motivate it. Although assessment of long-term sustainability is
outside the scope of the current evaluation contract, if provided a time extension and
additional resources, Abt will collect data 2 years after pilot completion to assess
sustainability. Exhibit 2-7 lists the sub-questions we identified for this question along with
potentially metrics and data sources.

Exhibit 2-7. Evaluation question 5: sub-questions, metrics, and data sources

EQ 5: What evidence exists that the impact of the AgResults pilot (i.e., private sector
involvement and innovation uptake) is sustainable in the medium to long term (2 years after

the end of the initiative)?

Method: Qualitative assessment — actual progress and stakeholder perceptions about vaccine
manufacture, sale, and adoption

Sub-questions

Metrics

Data sources

Is the developed vaccine well
suited to address uptake
constraints of small-scale
livestock producers?

Are there sustained impacts of
the competition on private sector
involvement and investment in
Brucella vaccines?

What are solvers’ total improved
vaccine sales by volume, price,
and buyer?

What is the estimated adoption
rate of the improved vaccine, if
sold?

What is the implied return on
investment given small ruminant
prices?

How do solvers use the
technology innovations
developed after completion of
the competition?

Change in primary and
secondary constraints to small-
scale livestock producers’
vaccine adoption in key markets
as reported by relevant experts
and stakeholders

Change in primary and
secondary constraints to small-
scale livestock producers’
adoption constraints addressed
and not addressed by achieved
vaccine characteristics as
reported by relevant experts and
stakeholders

Number of Brucella vaccine
procurement announcements by
vaccine type and year in key
developing country markets and
by institutional buyers (e.g.,
World Bank, FAO)

Small ruminant vaccination rates

in key countries where
brucellosis is endemic

Primary and secondary
constraints to solver production

e Semi-structured interviews with

solvers, relevant experts, and
stakeholders (e.g., key
manufacturers and distributors,
farmer groups, and veterinary
associations) and potential
institutional buyers (e.g.,
government entities)

Public documents (e.g., reports
and vaccine procurement
announcements) and secondary
data
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and marketing of new vaccine(s)

e Number of improved Brucella
vaccines manufactured

e Number of solvers
manufacturing improved Brucella
vaccine

e Volume of solvers’ improved
Brucella vaccine sales since
award of grand prize

e Average solvers’ sale price of
improved Brucella vaccine

e Solvers’ reported application of
innovations to other vaccines
and constraints to doing so

We will assess the sustainability of the impacts of the prize mechanism by analysing four key
dimensions of sustainability. First, we will check for sustained or increased private sector
engagement and investment in the production of Brucella vaccines for use in rural
developing areas by consulting public records and interviewing former AgResults solvers
and relevant experts and stakeholders. Second, we will look for additional technological
innovations in Brucella vaccines achieved by the former AgResults solvers. We will also
determine if the former AgResults solvers applied the technologies they developed for the
prize to vaccines for other diseases. Third, we will determine the extent to which the former
AgResults solvers and other commercial entities have manufactured and sold the improved
Brucella vaccines after the completion of the pilot. Lastly, we will reassess the return on
investment for the pilot with updated data on uptake of the vaccine and the vaccine’s efficacy
and duration of protection.

2.6  Evaluation question 6

What lessons can be learnt about best practices in the design and implementation of
R&D pull mechanisms?

From our findings on evaluation questions 1 through 4 we propose to synthesize the
evidence and develop lessons learnt from the brucellosis vaccine pilot regarding what works
and does not work in pull mechanism design for R&D investment towards successful
development outcomes. Exhibit 2-8 summarizes our sub-questions in this area along with
lessons we aim to learn and data sources for the analysis.

Exhibit 2-8. Evaluation question 6: sub-questions, metrics, and data sources

EQ 6: What lessons can be learnt about best practices in the design and implementation of

R&D pull mechanisms?

Method: Synthesis of learning from other questions (and also integrated with learning from other
technology development pilots)

Sub-questions Lessons Data sources

 Were the ex-ante incentives too | « Key constraints and market Use of data from EQs 1-4 (and EQ
small or too large, given the failures impacted by prize design | 5 if provided additional resources
specifications, to incentivize « Critical prize design elements and time extension for sustainability
solver participation? Were the e g analysis)

milestone prizes important? sustainability

e Was an innovation prize an
appropriate approach to address
the key market failures?

¢ Key constraints of private sector
involvement

¢ Key constraints to private sector

e Were the technical vaccine innovation development

specifications sufficient to meet ) ) )
the development goals of the * Key constraints of prize design
pilot? and pilot implementation

o Key external factors that
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e Was an innovation prize an influenced pilot
appropriate approach to achieve
the development objective?

e Would other activities as part of
the competition have been
important to achieve technology
innovation (e.g., technical
assistance, workshops)?

e What aspects of prize
governance were challenging?

e What external factors may have
influenced participants and
competition outcomes?

For the AgResults Brucellosis Vaccine pilot, we have two primary aims in developing the
lessons learnt. First, we will synthesize the findings from evaluation questions 1 to 4 and go
beyond the scope of those questions to comment on whether the pilot design was well suited
to eventually prove effective in meeting its ultimate goal—improving the well-being of small-
scale livestock producers worldwide. Second, we will generate recommendations about how
to choose development issues that are well suited to R&D prizes and how to design those
prizes effectively. We recognize that choosing a development problem that can be best
solved through innovation development (as opposed to adoption) and crafting a suitable

R&D prize is new territory for development practitioners and poses a unigue set of

challenges. While innovation development prizes are common for technology development,

few have been applied to international development problems. Therefore, we aim to

synthesize the lessons learnt from the AgResults Brucellosis Vaccine pilot to help improve

future applications of innovation development prizes to international development
challenges.

Our synthesis of lessons learnt will be guided by sub-questions outlined in Exhibit 2-8 on the
prize design and pilot implementation. We will answer those sub-questions to develop
lessons in response to the following central features of prize design and potential impact,

along with corollary questions:

e Suitability of pull mechanism approach. When are pull mechanisms a suitable
development tool? What preconditions need to exist to enable development and

market impact?

¢ Pull mechanism design. How do you design an effective pull mechanism? What
contextual and market failure assessment needs to be done? How do you identify

Abt Associates

appropriate solvers and craft an appropriate incentive? When should push elements
be part of the pull mechanism design?

Potential market impact. When can key market failures be addressed through pull
mechanisms? Can a temporary incentive overcome the overriding market constraint
and allow the market to sustain itself? Are solvers attracted by a business interest?

Do other overriding challenges limit sustained private sector investment?

Potential development impact. Under what conditions might the desired
development impact be achieved through a pull mechanism? When in principle can
the desired development impact be addressed through the development or delivery
of technology? What real-world considerations can impact the effectiveness of the
pull mechanism in practice?

Cost-effectiveness. In what circumstances might a pull mechanism be a cost-
effective way to achieve the desired development impact?
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e Sustainability. When is a pull mechanism able to lead to sustainable development
impacts (i.e. sustained after the incentive ends)?

We will look for lessons learnt about R&D pull mechanisms in these areas in synthesizing
our evaluation findings, which will complement the lessons learnt from the other AgResults

pilots and the technology development phase of the AgResults Vietnam Emissions
Reduction pilot.
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In this section, we present details about our data collection, including our timeline, data
sources, and sampling plan for the evaluation. Further, we describe our analysis plans for
the qualitative data, case comparison disease study, and the cost-effectiveness simulations.

3.1 Data collection timeline
We will conduct three primary rounds of data collection:

¢ Baseline: In 2016 before completion of competition entry and in 2017 just after
completion of competition entry once solvers are known

¢ Midline: After award of milestone prizes for completion of the efficacy study (if
achieved)

o Endline: After award of the grand prize for vaccine registration and best-in-class
prize (if achieved).

In addition, on an annual basis we will conduct abbreviated interviews with solvers to gather
updates about their progress. We will also administer an annual questionnaire to solvers and
non-participating capable private entities to gather updates on their vaccine development
progress for B. melitensis and the case comparison diseases.

3.2 Data sources

Here we describe the interviews, questionnaires, and desk reviews that will support our
analyses for evaluation questions 1 through 5. As summarized in Exhibit 3-1, we will use
several data collection methods to collect data from multiple complementary sources to
triangulate information pertinent to each evaluation question (as recommended by Yin 2003).
We will use data collection methods most appropriate for each type of data and data source.

We will use four types of data collection methods:
e Semi-structured interviews with:

o Solvers about their participation in the pilot and their vaccine R&D progress
for B. melitensis.

o Non-participating capable private entities about their perceptions of the
Brucella vaccine market and technology, the pilot, and why they did not enter
the pilot.

o Relevant experts (e.g., scientists, policymakers), stakeholders (e.g., farmer
groups, veterinary associations, international organizations), and potential
institutional vaccine buyers (e.g., governments in endemic areas, multi-lateral
institutions) about the Brucella vaccine market and technology, the pilot, and
constraints to small-scale livestock producers’ uptake.

¢ Small-sample survey questionnaires with:

o Solvers about key organizational and team characteristics, investments in
vaccine development for B. melitensis, and their progress on vaccine
development for B. melitensis and case comparison diseases.

o Non-participating capable entities about key organizational characteristics
and their progress on vaccine development for B. melitensis and
counterfactual diseases.

e Document review, including:
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o Industry documents (R&D pipelines for animal health companies, company
websites, company annual reports, vaccine registration applications, initial
public offerings of companies investigating brucellosis) to gather information
about solvers’ and non-participating capable private entities’ investments in,
and progress on, vaccine R&D for B. melitensis and the case comparison
diseases.

o Public media information (news articles, social media posts) to gauge
knowledge about the public profile of the AgResults competition and changes
in public attention around brucellosis.

o Secondary data (journal articles, grey literature, public data sets) to gather
information on ruminant prices, human disease burden, and disease burden
for small ruminants—for the broadest range of countries possible.

e AgResults monitoring data, including:

o Self-reported monitoring data provided by solvers to the pilot manager (e.g.,
solver investment in R&D for competition, number of fulltime equivalents
working on R&D for competition) and data collected by the pilot manager
(e.g., competition entry and exit, prize awards).

o Secretariat-compiled data on pilot operations and costs.

Exhibit 3-1. Data collection methods and sources to be applied in answering
evaluation questions 1 through 5

Scale of
Private investment

sector Technology Development and cost-

Data collection involvement innovation impact effectiveness  Sustainability

method Data source (EQ 1) (EQ 2) (EQ 3) (EQ 4) (EQ5)
Semi- Solvers X X
structured
interviews Non- X X
participating
capable
private
entities
Relevant X X X
experts and
stakeholders
Potential X X
institutional
vaccine
buyers
Small sample Solvers X X X
guestionnaires

Non- X X X
participating
capable
private
entities
Document Public X X X X X
review documents
Public media X

Secondary X X X X
data
AgResults Monitoring X X X
data
Pilot data X

Most primary data collection for the evaluation will use semi-structured interview guides
relevant to each type of informant to ensure high-quality, consistent data collection across
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interviews (Bernard 2006:212) (see Appendix B for interview guides). As applicable, we will
ask solvers and other respondents tailored questions and probe questions based on
interviewees’ responses. We will primarily conduct the interviews remotely. As resources
allow, we may conduct some initial interviews with solvers in person.

We will also use questionnaires to collect structured data on solvers’ organizational
characteristics, project team member characteristics, R&D activities, and investments to
ensure efficient, consistent data collection (Bernard 2006:269-273) (see Appendix B for
guestionnaires). We will give solvers the opportunity to choose whether we collect data over
the phone or in writing, as we expect individual solvers to prefer different avenues of
reporting out of convenience or caution. As stated earlier, we will consider administering the
qguestionnaires as anonymous web surveys if the solvers’ perceive the data as sensitive. If
we are unable to collect needed information from the solvers, we will explore other options
for data sources, such as patent filings, which may reveal some of the information about
vaccine development progress that we aim to learn from the questionnaires.

We will review industry documents and secondary data to complement and verify solver-
reported information (Marshall and Rossman 2006; Coffey 2014). We will also use the
document review to gather additional data to inform our understanding of the solvers’
perceptions and activities and the broader prize context. Documents in the public record will
help us track innovations, such as registration of new Brucella vaccines in key markets, and
we may conduct patent analysis to gain a more detailed technical understanding of
innovations and incremental or related innovations. We will systematically collect
documentation by determining a specific list of document types to seek from each solver and
non-participating capable entity at baseline, midline, and endline.

We will track press coverage and social media posts related to the prize by systematically
searching news articles and social media posts for a pre-determined list of relevant key
words (Altheide 2000; Chew and Eysenbach 2010). Focal areas for this data collection
include news coverage and social media posts on prize launch, announcement of solvers
who register, and award of the grand prize.

3.3  Sampling plan

We will conduct the questionnaires with a census of all participating solvers and use non-
probability sampling to select individuals within those organizations to complete the
guestionnaires.

We will conduct semi-structured interviews with individuals from a range of up to 10 solvers.
If more than 10 solvers participate in the competition, for resource reasons we will
purposively select a subset of solvers ranging across organization types, organization sizes,
and headquarters countries. Within a given solver organization, we will select 6 to 12
respondents with a range of expertise and job functions using purposive sampling as our
knowledge allows, and snowball sampling (respondents and contacts make referrals of
others to interview) as needed.

For non-participating capable private entities, relevant experts and stakeholders, and
potential vaccine buyers, we will use purposive and snowball sampling to select
organizations and individuals within the organizations with whom to conduct the
guestionnaires and interviews as applicable. Due to resource constraints, we will not
interview individuals with each type of expertise for every organization type. In total, we
anticipate interviewing 14 to 28 individuals in these organizations.

Appendix D describes how many individuals we will interview across the distribution of
organizational types and range of individual expertise.
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3.4 Qualitative data analysis

We will use qualitative text analysis techniques to analyse the semi-structured interview
data, small-sample questionnaires, data from document review, and AgResults monitoring
data. The research team will import verbatim interview notes, media, and observation notes
into qualitative data analysis software (NVivo 11) for coding and analysis. Analysts will
develop a single codebook prior to beginning the coding process so that they apply the same
set of codes to all interviews for purposes of reliability, quality control, and comparison
across interview respondents and across solvers and country contexts. The analysts will
develop the codebook structure using thematic/topical ‘families’ and codes within the
families. A priori concepts will inform the codes (Saldana 2009) that relate to livestock
vaccine markets and that factor into the success and performance of livestock disease
vaccine R&D and small-scale livestock producer uptake. To accommodate unexpected or
context-bound themes and concepts that emerge from the data, the codebook will include a
‘family’ for inductive code development as needed for specific countries or solvers. This dual
codebook structure will enable structured comparison across the primary codes relating to
vaccine markets and R&D, while allowing for country and solver-specific code development
as necessary.

Once coding is complete, we will conduct iterative, exploratory analysis in NVivo using
techniques from grounded theory’ (e.g., repetition, similarities and differences, word
frequency, word co-occurrence, semantic network analysis) to explore themes, patterns, and
outliers, and trends and conflicts between and among data sources (in other words, data
triangulation). We will use memos to document the emergent findings from this exploratory
analysis (Ryan and Bernard 2003).

For the small-sample survey questionnaire data, we will enter and clean them in Microsoft®
Excel. We will use the questionnaire data, supplemented with information from document
review, AgResults monitoring data, and coded data from interviews, to create profile
matrixes about each solver organization, capable non-participating private entity, and the
Brucella vaccine industry in each country where an organization has its headquarters. We
will use profile analysis to create these profiles with the collected data (Bernard 2006: 454-
455).

Then, we will perform multiple rounds of content analysis using the organizational and
industry profiles and coded data® (including public media data, see Altheide 2000; Chew and
Eysenbach 2010) to test the emergent findings about the market for Brucella vaccines and
solvers’ motivations, response, and performance concerning the pilot. We will also use
content analysis to look for changes in themes and trends over time and between solvers.
We will use these analyses to assess the influence of the pull mechanism on solvers’
investments and innovations and the potential development impact for small-scale livestock
producers.

3.5 Case comparison disease analysis

We will conduct a case comparison disease analysis to determine the level of vaccine R&D
innovation achieved across a range of diseases. If vaccine development progress appears to
be faster for B. melitensis than for other similar diseases, the difference may potentially be
attributable to the AgResults pull mechanism incentives. For each milestone in the vaccine

Grounded theory is an approach to text analysis that is made up of a set of techniques to help
identify themes and concepts within texts and link those themes and concepts with formal
theories (Strauss and Corbin 1998).

Content analysis is a form of systematic analysis that can be used to analyse the distribution of
codes in coded qualitative data by creating quantitative unit-by-variable matrices (Bernard and
Ryan 2010).
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development process, and in each year, we will tabulate and compare the number of firms
reaching the milestone by that year for B. melitensis and for the comparison diseases.
Examples of these milestones (see We will seek to understand the importance of the
AgResults prizes in terms of the progress seen in technology development. We will do this
through a case comparison study of similar diseases not subject to pull mechanism prizes.
That is, to help us understand whether AgResults’ pull mechanism prizes were instrumental
in spurring the observed R&D innovation, we will compare the development of the B.
melitensis vaccine within the pilot to the development of vaccines for other similar diseases
over the same time period where no pull mechanism prizes are in place. The indicators of
progress and innovation will be the individual requirements of the TPP (see Section 1.3),
thermostability, DIVA, and solvers’ progress along the vaccine development process as
shown in Exhibit 2-4 to assess and compare the speed and degree of solvers’ progress
through the pilot milestones. If innovation appears to be faster for brucellosis than for these
comparison diseases during the prize period, we can more confidently state that the prizes
were influential in spurring innovation. We plan to report aggregates of these development
milestones, and if sensitive, will administer anonymized web surveys to collect this
information. To further characterise solvers’ innovation progress, we will ask solvers’ to rate
the level of novelty of the technology they used to achieve each milestone (Kay 2012).

Exhibit 2-4 above for complete list) include an initial lab animal study, an initial
safety/efficacy study, establishment of a seed bank, and a study of the vaccine’s duration of
immunity. We will not track progress along other indicators because we are only interested in
achievement of significant R&D milestones.

This exercise will allow us to track the pace and progress of technological development for
B. melitensis in comparison to other diseases picked to reflect similar characteristics except
for the presence of the pull mechanism. For example, if four firms complete an efficacy study
for a new B. melitensis vaccine during the study period, but on average only 1.1 firms
complete an efficacy study for new vaccines for the comparison diseases, we would view
this as evidence that the pull mechanism in AgResults stimulated meaningful progress
towards a B. melitensis vaccine. In contrast, if one solver completes an efficacy study for

B. melitensis and on average 1.1 firms complete efficacy studies for the other diseases, we
would view this as suggestive evidence that the prize did not spur additional investment in B.
melitensis beyond what would have happened in the absence of the prize.

At the end of the evaluation we will also calculate the average years to production of a
successful vaccine for the comparison diseases that reach that point and compare that
figure to the years taken to develop a new B. melitensis vaccine, if achieved. This analysis
will provide suggestive evidence on whether and how much the AgResults pilot sped up the
pace of innovation and would also inform the cost-effectiveness analysis described below in
terms of the number of added years of social benefits achieved by earlier Brucella vaccine
availability.

In addition, we will compare the novelty of innovations developed for B. melitensis to that of
innovations developed for other diseases as reported by solvers. This will help us
characterise the extent to which solvers completed vaccine R&D using existing versus novel
technologies in case the availability of a prize affects this aspect. Finally, we will use data
from the solver and industry matrices to interpret the results of the comparison disease study
and look for organizational or contextual factors that may be associated with different levels
of innovation across diseases and organization types.

3.6 Cost-effectiveness analysis

We will compare the net present value (NPV) of the potential benefits of the brucellosis pull
mechanism to the costs of the prize (and its governance) in a cost-effectiveness and cost-
benefit analysis following the methods of Berndt et al. (2007) in their study of malaria. To do
this, we will multiply the B. melitensis disease burden estimate gathered from secondary
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data (number of small ruminants lost worldwide per year) by the vaccine’s efficacy and
projected percentage coverage rate in order to compute an estimate of the annual disease
burden averted. This analysis assumes no targeting of the vaccine to more at-risk
populations within countries, a conservative assumption that will generate more conservative
estimates of the prize mechanism’s economic rate of return.

Once we have obtained estimates of the annual B. melitensis disease burden averted, we
will calculate the economic value of the B. melitensis disease burden averted by multiplying
the number of infections averted by an estimate of cost per infection averted. We will base
the latter estimate on data on developing country ruminant prices and assume that infection
renders the product of the animal unusable. We will then calculate the NPV of disease
burden averted and the NPV of the economic benefit of the disease burden averted using
the established long-run market discount rate of 7% annually over a time horizon of 20
years:

20
1

NPV of infections averted = Efficacy * Disease burden * Coverage rate * To7t
t=1 )

20
1

1.07¢

Economic benefit = Z Efficacy * Disease burden x Coverage rate * Ruminant price *
t=1

Note that this calculation ignores zoonosis and hence provides a lower bound on the
economic benefits of the pull mechanism because it does not include the human burden of
the disease. We will compare the economic return to the US$20 million value of the grand
prize, the US$5 million best-in-class prize, and the other prize components—plus pull
mechanism governance costs—in order to obtain a lower bound estimate of the economic
rate of return of the brucellosis vaccine prizes.

Finally, we will conduct sensitivity analyses to determine the sensitivity of this finding to the
parameters used in its computation, such as the projected efficacy of the vaccine, vaccine
coverage, and the countries that adopt it. This will allow us to determine if the tested pull
mechanism is likely to be cost-effective under a broad range of conditions, or if in contrast
the cost-effectiveness of the prize is likely to depend heavily on particular circumstances
governing purchases of the vaccine. We will also use the case comparison disease analysis
once completed to inform the choice of simulation parameters, which will allow us to provide
updated estimates of the cost-effectiveness of the pull mechanism under different scenarios
at endline. We will also conduct a break-even analysis to determine for what parameter
ranges, in particular for adoption, the return to the prize becomes NPV positive.
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In this section, we present the implementation timeline for conducting the brucellosis vaccine
pilot evaluation and the products and communication, which we will deliver over the course
of the study. We also examine possible evaluation risks and our mitigation plan for
addressing them—as well as the study’s ethical considerations and quality assurance
procedures.

4.1 Implementation timeline

All activities in the Brucella vaccine development pilot evaluation will take place between
2016 and 2024, except a possible extension for longer-run sustainability analysis of
evaluation question 5 above (if resources are added to the current contract). We present the
data collection timetable by major evaluation phase.

Initial qualitative assessment

As this evaluation design report is being finalized, our core evaluation team has just begun
to conduct a formal assessment of published papers and conference proceedings on
brucellosis. In addition, we are currently conducting semi-structured interviews with key
industry actors who can give us an understanding of the historical/pre-project vaccine
technology situation and the private sector’s level of involvement in that field. This data
provides insight into the current market and will inform our baseline data collection efforts.

Baseline

The next step is to collect baseline data for evaluation questions 1-4 as outlined in Exhibit 3-
1. Exhibit 4-1 displays the proposed timeline for collecting baseline data. We will conduct
these activities in two phases—one that includes the initial qualitative assessment and semi-
structured baseline interviews on solver practices and attitudes during the competition entry
period and a second phase in 2017 to conduct a more thorough baseline assessment of
solvers once they are all known. We will analyse this data after each data collection phase
and write the baseline report once both phases are complete.

Exhibit 4-1. Anticipated baseline schedule

Activity Start Finish
Develop final design protocol Q4 2015 Q2 2016
Competition announced Q2 2016 Q2 2017
Solver entry into competition Q2 2016 Q2 2017
Initial qualitative assessment Q2 2016 Q2 2016
Baseline data collection, phase 1 Q2 2016 Q3 2016
Data analysis, phase 1 Q32016 Q32016
Baseline data collection, phase 2 Q1 2017 Q32017
Data analysis, phase 2 Q2 2017 Q32017
Baseline report Q3 2017 Q4 2017

Ongoing assessment

Following the baseline, the evaluation team will continually monitor the pilot implementation
as part of its ongoing qualitative assessment. We will conduct annual semi-structured
interviews with solvers on their progress and activities in each year. We will also remain in
regular communication with the pilot manager, the Secretariat, DFID, and the Steering
Committee to keep track of any issues that arise, their importance to the pilot
implementation, and how they are eventually resolved. This will continue up to the point of
the endline.
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Midline and endline

We will repeat the baseline data collection and analysis at the midline, defined at the point
when AgResults awards the second milestone prize for completion of the efficacy study. We
will conduct the endline once AgResults awards the grand prize. Should neither of these
prizes ever be awarded, we will continue our ongoing assessment and conduct the endline
in the final year of the pilot. If the midline point arrives with the awarding of the second
milestone prize, but the grand prize is never awarded, we will complete the endline in the
final year of the pilot. Provided additional resources, we will conduct the sustainability
analysis (evaluation question 5), 2 years after we conduct the endline.

4.2 Deliverables and communication plan

We will provide a series of evaluation memos and reports to DFID on the schedule shown in
Exhibit 4-2. We will post all evaluation memos and reports on the AgResults website
following DFID approval and on Abt Associates’ website and social media where relevant.
We will also provide an update on the evaluation at each semi-annual Steering Committee
meeting beginning in fall 2016. Baseline, midline, and endline reports will pass through
formal review at DFID, and after revision and approval, will be posted on the DFID external
website.

As part of the evaluation results dissemination, the evaluation team will present the salient
lessons learnt to the Steering Committee as a part of a dissemination workshop to take
place at a place and time to be determined in consultation with DFID and the Steering
Committee. Following its completion, we will summarize the content of this dissemination
workshop in a one-page technical summary available on the Abt website. The evaluation
team also will assist the Secretariat’s broader efforts to further disseminate evaluation
findings and lessons learnt from the pilot. In addition, the Abt team will disseminate project
findings through presentations, academic papers, or other means as opportunities arise and
are deemed appropriate by DFID.

Exhibit 4-2. Projected submission dates of AgResults evaluation reports

Deliverable Projected draft submission date

Final design protocol Q1 2016
Yr 1: Baseline report Q4 2017
Yr 2 Memo: First interim memo of progress towards efficacy study Q3 2018
Yr 3 Memo: Second interim memo of progress towards efficacy study Q32019
Yr 4: Midline report Q3 2020

Yr 5 Memo: First interim memo of progress towards vaccine registration | Q3 2021

Yr 6 Memo: Second interim memo of progress towards vaccine
registration

Yr 7: Endline report Q3 2023

Q3 2022

4.3 Evaluation risks and mitigation approach

The greatest identifiable risk to successful completion of the brucellosis vaccine pilot
evaluation is the possibility that solvers will be reluctant to share information on their R&D
activities, innovation progress, and investments (see Section 2 for detail) out of proprietary
business concerns. To mitigate this risk, we will work with the Secretariat and the pilot
manager to establish open, working relationships with all of the solvers as they enter the
competition to ensure that leadership in those organizations understands the purpose and
scope of the evaluation. We highly recommend that cooperation with the evaluation’s data
collection needs be made part of the solvers’ contracts with the Secretariat, requiring
provision of information on a pre-specified list of topics at stipulated intervals as part of the
solvers’ reporting requirements (to be worked out by the evaluation team and the
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Secretariat, subject to Steering Committee approval). In the spirit of collaboration, we will
make every reasonable effort to ensure that solvers are comfortable sharing information with
Abt, including having Abt corporate officers sign non-disclosure agreements and allowing
solver staff important input into how we collect the required data (i.e., in person, over the
phone, in writing). We will maintain flexibility in how we collect information from solvers (e.g.,
by phone, in writing, anonymous web surveys). As feasible and necessary, we will also tailor
our data collection to each individual solver (and iteratively adjust our evaluation design as
needed), because we recognize that solvers will vary and may have different privacy
concerns.

If, during the data collection process, we encounter significant problems obtaining sufficient
data from the solvers, we will reassess other means of accessing the necessary data and
other approaches to answering the affected evaluation questions. For example, we would
consider conducting patent analysis to assess solver innovation if the organizations do not
directly share their innovation developments.

4.4 Ethical considerations

To ensure that we collect evaluation data in an ethical and responsible way, the Abt team
has submitted an initial proposal to Abt’s Internal Review Board (IRB). This proposal has
been provisionally approved pending receipt of the final evaluation design report. As we
finalize the design document and begin data collection, we will continually inform the IRB of
ethics-related project developments via the project’s data security plan—a continually
updated document for tracking how proprietary evaluation data are handled and by whom,
and what security measures the study team takes to maintain respondent confidentiality.

4.5 Quality assurance

Quiality assurance is an integral part of all the AgResults pilot evaluations. Abt employs both
internal and external quality assurance reviewers to review the data collection instruments,
the study design, and all reported findings. Dr Luciano Kay from the University of California
Santa Barbara provides external quality review, covering both the evaluation’s methodology
and its results. Dr Stephen Bell—an Abt vice president and senior fellow—provides internal
guality control as the team member responsible for the quality assurance of all evaluation
documents and methodologies. External and internal reviewers engage in discussions on
methodology and findings with the evaluation teams, review all deliverables, and provide
detailed feedback that teams incorporate. Dr Tulika Narayan, as Research Director, provides
oversight on the methodology, data collection, and all deliverables on pilots that she does
not directly lead (as in this pilot). In addition, Abt’s Evaluation Methods Center facilitates
evaluation design seminars where Abt’s leading evaluation experts review evaluation design
protocols. Another internal Abt group—the Journal Author Support Group—convenes
experts to review evaluation results in preparation for publication, where applicable.
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Appendix A: Market/industry and solver summary

matrices

Exhibit A-1. Template for country-level market/industry summary matrix

Characteristic

Host country of one or more potential solvers

‘ Solver A ‘ Solver B  Solver C Solver D SolverE Solver F  Solver G Solver H Solver | Solver J

Region

Total population

Total small-scale livestock producers

Small ruminant population

Human brucellosis disease burden

Livestock brucellosis disease burden

B. melitensis disease burden in small ruminants

Small ruminant prices

National policies on brucellosis

National programs on brucellosis control

Reciprocity with EU vaccine registration

Regulations for vaccine R&D and manufacturing

No. livestock vaccine manufacturers

No. jobs in sector

R&D funding for livestock vaccines

No. firms that conduct livestock disease R&D

No. Brucella vaccine manufacturers

Lead firms that manufacture Brucella vaccine

No. firms that conduct brucellosis R&D

Lead firms that conduct brucellosis R&D

Average firm revenue

Rate of Brucella vaccination

Brucella vaccines used by small-scale producers
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Characteristic ‘ Solver A ‘ Solver B Solver C Solver D Solver E Solver F  Solver G SolverH Solver| Solver J

Average Brucella vaccine price

Market value

No. institutional buyers for Brucella vaccines

Key market incentives

Key market barriers

Future market outlook

Exhibit A-2. Template for solver level summary matrix

Characteristic Solver A Solver B  Solver C Solver D Solver E Solver F  Solver G SolverH Solver| SolverJ

Name solver organization

Country of headquarters

Other countries with facilities

Type
Legal entity type

Size

Year founded

Parent company

Subsidiaries

Annual revenue

Year of revenue
R&D budget
Year of budget

Portion of revenue invested in R&D

No. of full-time employees

Manufacture of livestock vaccines

Conduct of R&D for livestock disease vaccines

Manufacture of human vaccines

Abt Associates AgResults Evaluation Design — Brucellosis Vaccine Pilot April 2016 | 41



Characteristic
Conduct of R&D for human vaccines

Solver A Solver B  Solver C Solver D Solver E Solver F  Solver G Solver H

Solver |  Solver J

No. BSL3 facilities

International regulatory standard compliance

No. livestock vaccines currently manufactured

No. Brucella vaccines currently manufactured

No. B. melitensis vaccines currently manufactured

Annual Brucella vaccine sale revenue

Year of sales

No. Brucella vaccine buyers

Country of Brucella vaccine buyers

No. current vaccine R&D projects

No. Brucella vaccine R&D projects

No. B. melitensis vaccine R&D projects

Dedicated B. melitensis team

No. scientists on B. melitensis team

No. other staff on brucellosis team

Expertise covered by brucellosis team
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[Complete informed consent before all data collection.]

Semi-structured interview guide: Solvers and non-participating capable private
entities
Questions for all respondents:
1. Can you tell me a little about your company and your role?
2. How did you learn about the AgResults Brucella vaccine prize? When did you first
hear about it?
3. Why did your organization decide to enter the competition?
4. How certain are you that your company would have done this R&D on B. melitensis
without the AgResults prize?
[Skip to applicable section given the respondent’s job.]

Vaccine R&D:

1. Does your company manufacture a Brucella vaccine? For which bacteria—B. abortus
or B. melitensis—or both?

2. Can you describe the current state of B. melitensis vaccines for small ruminants?

a. What are the strengths and weaknesses of the current technology?
b. What improvements in the vaccine do you see on the horizon?

3. What type of R&D is your company doing to develop an improved or new Brucella
vaccine?

a. [For each R&D activity] Is it for B. abortus or B. melitensis or both? In what
year did your company begin doing that research?

b. Are you working with any external partners on this R&D?

c. What R&D activities is your company planning to do next? In what year do
you plan to start?

4. What, if any, effect do you think participation in the AgResults Brucella vaccine
competition has had on your company’s activities regarding B. melitensis vaccine
R&D?

a. Are there changes to the competition that could incentivize/further incentivize
your company to invest in B. melitensis vaccine R&D?

b. Are aspects of the competition constraining your company’s investment in B.
melitensis vaccine R&D?

5. What are the major scientific hurdles in the development of a Brucella vaccine? (e.g.,
lack of animal model, inherent uncertainty associated with biologicals)

6. How would you assess the feasibility of meeting the TPP requirements within the
competition timeframe? Of meeting the best-in-class elements?

a. Isthe TPP achievable under your current manufacturing set-up, or will it
require major engineering or process changes?

b. To what extent do you think you will use existing technology or develop new
technology to meet the TPP requirements?

7. What Brucella development activities are you aware of outside of your company? Is
your company’s vaccine further or less advanced?

[Skip to question 29]

Management/finance:
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8. How did your organisation learn about the AgResults Brucella vaccine competition?
When did you first hear about it?

9. Why did your organisation decide to enter the competition?

10. Who made that decision? What was the decision-making process?

11. Is your organisation partnering with any other entities for this competition?

a. [If yes] Which entities? What is their role?

12. How will/did your company use the first milestone prize?

13. How important is the prize of US$20 million for your engagement in vaccine
development?

a. [After answer, as follow up] If you were to rank the importance of the US$20
million prize, would you say it was very important, somewhat important, or
positive but not necessary?

14. What, if any, effect do you think participation in the AgResults Brucella vaccine prize
has had on your company’s activities and investments in B. melitensis vaccine R&D?

15. What are the main considerations for the selection of potential vaccine candidates?
(e.g., disease burden, market potential)

a. How are R&D candidates prioritised?

b. Who is involved in making those decisions?

c. What is the anticipated cost of successful livestock vaccine development in
your company?

d. What are the costs of each vaccine development stage?

16. What is the priority of Brucella R&D relative to R&D for other livestock vaccines for
your company?

17. What revenue, at a minimum, would you need to generate form annual sales of a
Brucella vaccine to be successful?

18. What challenges does your company face in developing a Brucella vaccine? (e.g.,
few buyers, level of biosecurity needed, technical challenges)

19. What would prompt your company to change course on your work on brucellosis—
either to increase or decrease focus or investment?

[Skip to question 29]

Sales and marketing:
20. Can you describe the current market for B. melitensis vaccine in sheep and goats?
a. Who are the main buyers for the B. melitensis vaccine in general? (e.g.,
governments, livestock producers) For your company specifically (or who do
you anticipate will buy)?
i. In what region are they located?
b. How attractive is the market relative to available markets for other livestock
vaccines?
c. What is your biggest concern about the market? (e.g., uncertainty of demand,
regulatory hurdles to register a vaccine under BSL3, low value of the market)
d. Have there been any changes in the market in recent years?
21. In the future, what do you think the market potential is for a B. melitensis vaccine for
small ruminants?
a. In what regions or countries do you expect the market to be?
22. Who are your main competitors on Brucella vaccines?
[Skip to question 29]
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Regqulatory, legal, intellectual property (IP):

23. In what countries are your vaccines registered?

24. Have you registered a vaccine in the EU before?

25. What constraints might you face in registering a Brucella vaccine in the EU?

26. Does the development of a Brucella vaccine entail protecting your IP for your

company?

27. Would you have considered entering the competition if ceding your IP was required?

[Skip to question 29]

Final guestions for all respondents:
28. Do you have suggestions for other organisations or individuals we should speak to in
order to learn more about this topic?
29. Do you have any questions for us?

Abt Associates AgResults Evaluation Design — Brucellosis Vaccine Pilot April 2016 I 45



Small-sample survey questionnaire: Solvers

[Organizations will have the choice to provide all or some of this information in person, over
the phone, or in writing based on what they prefer and are more comfortable with. This
information may need to be gathered from multiple respondents within an organization.]

Organizational and team characteristics:

1. Does your company have BSL3 facilities? How many?
2. Does your company have a dedicated team that is working on R&D for a
B. melitensis vaccine? How many people are on the team?
a. Was the team’s formation related to the AgResults competition ?
b. How is the team structured?
c. What are the team members’ areas of expertise?
3. Are there others outside of this team who are responsible for this work? What are
their areas of expertise?

Vaccine development and investments:

1. Can you provide us with a list of vaccines that your company manufactures?

2. Canyou also provide us with a list of the vaccines under development in your
company and the development stages of each?

3. Whatis your company’s annual R&D budget?

a. Approximately what percentage of that is spent on Brucella R&D?

4. What is your annual budget for Brucella R&D for this year?

How many full-time equivalents are dedicated to Brucella R&D?

6. What sources and types of leverage are you using for Brucella R&D this year? For
other costs associated with participation in the competition?

o

Brucella and counterfactual disease vaccine development stages:

7. We are interested in determining the vaccine development stage for a number of
other livestock diseases that share some characteristics with brucellosis.
[Ask the following questions about each disease and fill in information in chart below]
a. Has your company worked on developing a vaccine for this disease?
b. Is avaccine for this disease currently under development?
c. [If has been or is currently working on vaccine development] What stages of
development has your company completed?
i. What month and year was development initiated and completed?

d. What is the current stage of development?
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Lab animal
model

Preliminary
safety/ efficacy
in goat

Master seed
bank

Manufacture
process
development

Lab safety
study

Efficacy study

Duration of
immunity study

Field study

Write-up of
dossier

Submission of
dossier

Vaccine
registered

Under
manufacture
and sale

8. At the current stage of the Brucella vaccines, which TPP and best-in-class elements
have been achieved?

[Ask the following questions for each element and fill in the answers in the chart below.]

a. What month and year did you begin development?
Was the development of this element initiated to meet the TPP requirements

b.

for this competition?

Is the development completed?

[If yes] What month and year was it completed?

[If element is completed] How would you categorize the novelty of the
technology used for this element? Is it current-day technology, an incremental
innovation, or a radical innovation?

Do you anticipate that your company will use this technology for other

applications?
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Progress towards element If element completed

Novelty of technology
used for this element
Initially (current-day
started for technology/ Anticipated use
Began this Completed incremental for other
Vaccine development | competition | development innovation/ radical applications
elements (month/year) (yes/no) (month/year) innovation) (yes/no/maybe)

TPP elements

<3% abortion by
vaccine

Shedding on par
with or better than
existing vaccine

Adverse reactions
on par with or
better than
existing vaccine

<2 months long-
term infection

Safe for use in
pregnant animals

3 months
minimum age for
animal safety

Vaccine injected
by vet;
intramuscular or
subcutaneous

No less than 85%
efficacious in
preventing
abortion

No more than 1%
have tissue
colonization

2 weeks for onset
of immunity

3 months
minimum age for
efficacy

Duration of
immunity of at
least 1 year

At least 8 month
shelf life

Proven low-cost
development

“Best in class” elements

Cross-strain
protection against
B. melitensis and B.
abortus

Inactivated vaccine
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Other elements

Level of
thermostability

Differentiating
infected from
vaccinated animals

Small-sample survey questionnaire: Non-participating capable private entities
[Organizations will have the choice to provide all or some of this information in person, over
the phone, or in writing based on what they prefer and are more comfortable with. This
information may need to be gathered from multiple respondents within an organization.]

AgResults Brucella Vaccine Development competition:

1. How did your organization learn about the AgResults Brucella vaccine development
prize? When did you first hear about it?

2. Why did your organization decide not to enter the competition?

3. Would your organization have been interested in a different kind of results-based
incentives?

Organizational and team characteristics:

4. Does your company have BSL3 facilities? How many?
5. Does your company have a dedicated team that is working on R&D for a
B. melitensis vaccine? How many people are on the team?
a. Was the team’s formation related to the AgResults competition ?
b. How is the team structured?
c. What are their areas of expertise?

Vaccine development:

6. Can you provide us with a list of vaccines that your company manufactures?
7. Can you also provide us with a list of the vaccines under development in your
company and the development stages of each?
8. What is your company’s annual R&D budget?
a. Approximately what percentage of that is spent on Brucella R&D?
9. How many full-time equivalents are dedicated to Brucella R&D?

Brucella and counterfactual disease vaccine development stages:

10. We are interested in determining the vaccine development stage for a number of
other livestock diseases that share some characteristics with brucellosis.
[Ask the following questions about each disease and fill in information in chart below]
a. Has your company worked on a developing a vaccine for this disease?
b. Is avaccine for this disease currently under development?
c. [If has or is currently working on vaccine development] What stages of
development has your company completed?
i. What month and year was development initiated and completed?

d. What is the current stage of development?
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Lab animal
model

Preliminary
safety/ efficacy
in goat

Master seed
bank

Manufacture
process
development

Lab safety study

Efficacy study

Duration of
immunity study

Field study

Write-up of
dossier

Submission of
dossier

Vaccine
registered

Under
manufacture
and sale

11. At the current stage of the Brucella vaccines, which of the following elements have
been achieved?

[Ask the following questions for each element and fill in the answers in the chart below.]
a. What month and year did you begin development?

b. Was the development of this element initiated to meet the TPP requirements

for this competition?
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c. lIsthe element completed?

I. [If yes] What month and year was it completed?

d. [If element is completed] How would you categorize the novelty of the
technology used for this element? Is it current-day technology, an incremental
innovation, or a radical innovation?

e. Do you anticipate that your company will use this technology for other
applications?

Progress towards element If element completed

Novelty of technology
used for this element
Initially (current-day
started for technology; Anticipated use
Began this Completed incremental for other
Vaccine development | competition | development innovation; radical applications
elements (month/year) (yes/no) (month/year) innovation) (yes/no/maybe)

TPP elements

<3% abortion by
vaccine

Shedding on
par with or
better than
existing vaccine

Adverse
reactions on par
with or better
than existing
vaccine

<2 months long-
term infection

Safe for use in
pregnant
animals

3 months
minimum age
for animal
safety

Vaccine injected
by vet;
intramuscular or
subcutaneous

No less than
85% efficacious
in preventing
abortion

No more than
1% have tissue
colonization

2 weeks for
onset of
immunity

3 months
minimum age
for efficacy

Duration of
immunity of at
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least 1 year

At least 8 month
shelf life

Proven low-cost
development

“Best in class”

elements

Cross-strain
protection
against B.
melitensis and
B. abortus

Inactivated
vaccine

Other elements

Level of
thermostability

Differentiating
infected from
vaccinated
animals
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Semi-structured interview guide: Experts and stakeholders
General:

PwnNPE

Can you tell me a little about your organization and your role?

What livestock and zoonotic diseases does your organization focus on?
What are the main neglected zoonotic diseases globally?

What factors drive private sector R&D on zoonotic diseases?

Brucellosis:

5.
6.

10.

11.

12.

13.

What kind of public sector activities address brucellosis control in small ruminants?
Can you describe the current market for B. melitensis vaccine in sheep and goats?

a. Who are the main buyers for the B. melitensis vaccine (e.g., governments,
livestock producers)? Where are they located?

b. How attractive is the market relative to available markets for other livestock
vaccines?

c. What are companies’ main concerns about the market? (e.g., uncertainty of
demand, regulatory hurdles to license a vaccine under BSL3, low value of the
market)

d. Have there been any changes in the market in recent years?

In the future, what do you think the market potential is for a B. melitensis vaccine for
small ruminants?

a. Who do you expect the main buyers to be?

b. Inwhat regions or countries do you expect the market to be?

Can you describe the current state of B. melitensis vaccines for small ruminants?

a. What are the strengths and weaknesses of the current technology?

b. Have there been any changes in the technology in recent years?

c. What improvements in the vaccine do you see on the horizon?

Who are the main players in Brucella R&D? In manufacturing?
What Brucella development activities are you aware of?

a. At what stage of development?

What size market is heeded to attract vaccine manufacturers to develop vaccines for
this disease?

What challenges do companies face developing Brucella vaccines? (e.g., few buyers,
level of biosecurity needed, technical challenges)

What do you think would prompt companies to change course on their work on
brucellosis—either to increase or decrease focus or investment?

a. How attractive would results-based financial incentives be? What size would
they need to be to be of interest?

Final questions:

14.

15.
16.

Do you have suggestions for other organizations or individuals we should speak to in
order to learn more about this topic?

Can we contact you in the future if we have more questions?

Do you have any questions for us?

Abt Associates AgResults Evaluation Design — Brucellosis Vaccine Pilot April 2016 I 53



Exhibit C-1.

Livestock
diseases

Affects small
ruminants

B Appendix C: Comparison diseases

Key disease characteristics

Bacteria

Viral
disease

Zoonosis

Comparison diseases and disease characteristics

Abortion

Primarily
impacts low-
middle
income
countries

Vaccine

Primary vaccine issues

Attenuated and

Brucellosis X X X X Yes Abortion and accidental infection of veterinarians,
inactivated paraveterinarians or farmers administering the
vaccine; Little ability to differentiate between
vaccinated and non-vaccinated animal
Q Fever - Coxiella X X X No Inactivated
burnetii
Campylobacter X X No Killed
fetus
Enzootic abortion - X X No Live Live vaccines - pregnant ewes should not be
Chlamydophila vaccinated and there is risk for the operator
abortus
Salmonellosis X X X X No Inactivated To prevent abortion by some strains of
Salmonella some vaccines require two doses
before the period of greatest risk of abortions
Toxoplasmosis - X X X No Live Should not be administered in pregnant ewes
Toxoplasma gondii and should not be handled by pregnant women
or persons who are immunodeficient
Leptospirosis X X X No Attenuated and | Provides limited immunity; requires multiple
inactivated doses
Rift Valley Fever X X X Yes Attenuated and | Attenuated vaccine - not suitable for pregnant
inactivated animals; Inactive vaccine - safe in pregnant
animals but requires second dose
Bluetongue X No Inactivated
Nairobi sheep X X X X Yes Experimental Revaccination necessary to maintain full
disease live and protection; Not produced commercially
inactivated
Contagious X No Live and Live vaccines - elimination of the agent via milk;
agalactia inactivated Inactivated vaccines - low efficacy
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Appendix D: Sample sizes for semi-structured interviews
and small-sample survey questionnaire

Exhibit D-1.

Estimated sample sizes by organization type and respondent expertise
Number of respondents by expertise

.. Small ruminant
Organization Number of Management or Sales and Legal and IP/ diseases/
type organizations finance marketing Vaccine R&D Regulatory Brucellosis All types

Solvers All 1-2 1-2 2-4 1-2 1-2 6-12 per solver
organization

Non-participating | 4-6 1-2 1-2 1-2 1-2 1-2 5-10
capable private
entities
Relevant experts | 6-8 n/a n/a 1-2 1-2 1-2 3-6
and
stakeholders?®
Potential 6-8 n/a n/a 1-2 1-2 1-2 3-6
institutional
vaccine buyers®
Governments?® All countries where | n/a n/a 1-2 1-2 1-2 3-6 per country
solvers
headquartered

& Semi-structured interviews only (no small-sample survey questionnaires.
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