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Abstract. Fifteen years of investment inmalaria control on Bioko Island, Equatorial Guinea (EG), dramatically reduced
malaria-associatedmorbidity andmortality, but the impact hasplateaued. Toprogress toward elimination, EG is investing
in the development of a malaria vaccine. We assessed the unique public–private partnership that has had such a
significant impact on malaria on Bioko Island and now added amajor effort on malaria vaccine development. As part of a
$79M commitment, the EG government (75%) and three American energy companies (25%) have invested since 2012
greater than $55M in the Equatoguinean Malaria Vaccine Initiative (EGMVI) to support clinical development of Sanaria®

PfSPZ vaccines. In turn, the vaccine development program is building human capital and physical capacity. The EGMVI
established regulatory and ethical oversight to ensure compliance with the International Conference on Harmonization
and Good Clinical Practices for the first importation of investigational product, ethical approval, and conduct of a clinical
trial in Equatoguinean history. The EquatoguineanMalaria Vaccine Initiative has completed three vaccine trials in EG, two
vaccine trials in Tanzania, and a malaria incidence study, and initiated preparations for a 2,100-volunter clinical trial.
Personnel are training for advanced degrees abroad and have been trained in Good Clinical Practices and protocol-
specificmethods. A new facility has established the foundation for a national research institute. Biomedical research and
development within this visionary, ambitious public–private partnership is fostering major improvements in EG. The
EGMVI plans to use a Plasmodium falciparum sporozoite Vaccine alongside standard malaria control interventions to
eliminate Pf malaria from Bioko, becoming a potential model for elimination campaigns elsewhere.

INTRODUCTION

Recently, African heads of states endorsed the African Union
Agenda 2063, calling for investments in science, technology,
research, and innovation to build prosperous and sustainable
economies,1–3 resulting in some countries investing in bio-
medical research addressing local pressing health issues4,5

This article describes work done through investments made by
the government of Equatorial Guinea (GEG) in malaria vaccine
development and the GEG’s interest in deploying Sanaria’s
Plasmodium falciparum sporozoite (PfSPZ) Vaccine to eliminate
Plasmodium falciparum (Pf) malaria from selected regions.
Equatorial Guinea (EG) is an oil and gas–producing Central Af-
rican country divided into mainland and insular regions. Bioko
(population ∼280,000) is the most populous island and the lo-
cation of the country’s capital, Malabo.6 Since discovery of
offshore oil in the 1990s, EG has boomed economically,3 with
significant improvements in public health exemplified by the
building of modern hospitals such as the La Paz Medical
Center.5,7–10 However, malaria remains a major public health
problem in Africa,11,12 including in EG where there is markedly
higher prevalence on the mainland and other islands of EG,
accounting for ∼50% of illness in children younger than 5
years6,10 and significantly impacting the Equatoguinean
economy.7,13,14

Intractable malaria. In 2018, malaria caused an estimated
228million clinical episodes and 405,000 deathsworldwide.12

In Africa, the economic impact of malaria is estimated to be
5–6% of the nations’ gross domestic product.12,15 Despite an
annual international investment in malaria control of greater
than $4.3 billion,16 annual malaria cases and deaths were
effectively unchanged from 2015 to 2017.12 The impact of
malaria control on Bioko Island parallels these global trends.
Historical data from annual malaria indicator surveys in sen-
tinel sites conducted by the Bioko Island Malaria Control
Project (BIMCP) show an appreciable drop in malaria preva-
lence in 2- to 14-year-old children from 2004 (45%) to 2012
(14%) (Figure 1), followed by a plateau through 2018 and a
slight increase in 2019 (16.6%).5–7 Current tools alone, even
when applied in an integrated and progressively targeted
manner over 15 years, appear to be insufficient to halt malaria
transmission on Bioko, which is augmented by continuous
importation of malaria parasites from the mainland.5,14,17 A
vaccine that prevents infection in individuals and has a “mass
effect,” often referred to as herd immunity, in the community,
would be an ideal tool to acheive malaria elimination when
used in conjunction with other control measures. Plasmodium
falciparum sporozoite vaccines have a proven record of pre-
venting Pf infections in controlled human malaria infection
(CHMI) and natural transmission settings, and are among the
most advancedmalaria vaccine candidates.18–26Plasmodium
falciparum sporozoite Vaccine has been selected as the first-
generation candidate to develop for inclusion in future malaria
control and elimination programs in EG.27
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The BIMCP. The BIMCP was launched in 2004 as a
public–private partnership to control and eventually eliminate
malaria on Bioko. The BIMCP was funded by the GEG and
private partners: Marathon Oil, Noble Energy, and Atlantic
Methanol Production Company,7,28,29 implemented by a U.S.
nongovernmental organization, Medical Care Development
International (MCDI), in collaboration with the Equatoguinean
National Malaria Control Programwithin theMinistry of Health
and Social Welfare (MHSW). The project deployed numerous
malaria control interventions, including indoor residual
spraying of insecticides, achieving at least 80%during island-
wide and targeted spray rounds, mass distribution and in-
stallation of long-lasting insecticide-treated nets, achieving at
least 85% coverage during each distribution campaign, cou-
pled with targeted maintenance through antenatal clinics and
schools, focal application of larvicides, universal curative
treatment with artemisinin combination therapy, intermittent
preventive treatment in pregnancy, mass education and be-
havioral change communications, and training MHSW
personnel.5,9,13,30 In addition, the BIMCP established a map-
ping and enumeration system of houses and households that
allowed it to more effectively plan, implement, target, and
monitor malaria control interventions. The implementation of
this system began in 2012 and was fully impelemented in
2014. As a result, malaria prevalence in 2- to 14-year-old

children living on Bioko was reduced by 63% from 2004 to
20195,31 (Figure 1), and there has been a 64% reduction in
child mortality (from 152 to 55 deaths per 1,000 births) since
inception.5,7 Since 2015,when sampling of households for the
annual malaria indicator survey expanded to all communities
on Bioko, the overall island-wide all age prevalence of malaria
parasites has decreased from 12.7% (2015)14,32 to 10.3%
(2018).33However, evidence indicates that the oddsofmalaria
infection in travelers tomainlandEGarebetween3 and4 times
higher than for individualswhodonot travel, indicating that the
persistent levels in prevalence are in part attributable to im-
portation by travelers between Bioko and the mainland.5,14,17

Plasmodium falciparum sporozoite vaccines. Sanaria
Inc. has developed a platform technology for producing aseptic,
purified, cryopreserved PfSPZ in compliance with Good Manu-
facturing Practices.18,19 Sanaria’s product portfolio includes
Sanaria® PfSPZ Vaccine (radiation-attenuated PfSPZ),18,20–24,27

PfSPZChallengewhich is composedof infectiousPfSPZused for
CHMI,25,34–42 and PfSPZ-GA1 (genetically attenuated PfSPZ).19

PfSPZ-CVac (chemo-attenuated PfSPZ) combines PfSPZ Chal-
lengewithantimalarialdrugs.19,43–45 Inclinical trials insixcountries
in Africa, two countries in Europe, and five sites in the United
States, PfSPZ-based vaccines have been consistently safe and
well tolerated.Theyhaveprotectedgreater than90%of recipients
against CHMI in clinical trials conducted in the United States,

FIGURE 1. Prevalence of Plasmodium falciparum in 2- to 14-year-old children and historical vector control interventions on Bioko Island. With a
combination of indoor residual spraying with insecticides, coverage with long-lasting insecticide-treated nets (LLINs), and improved case man-
agement, malaria prevalence by the same rapid diagnostic test declined from 45% in 2004 to 13.7% in 2012 but only to 16.6% in 2019. The
implementationhasbeensupportedby agrowingdatabasecomposedof amappingsystem that helps identify households thatwill be sprayedand/
or receive LLINs. This figure appears in color at www.ajtmh.org.
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Germany, Tanzania, and Mali24,26,43,46 (Sissoko, unpublished),
with protection lasting for at least 8months against heterologous
CHMI20 and 14 months against homologous CHMI.22 Protection
of approximately 50% lasting for at least 6 months against natu-
rally transmitted malaria has been demonstrated in three in-
dependent clinical trials in Mali24 and Burkina Faso (Sissoko,
unpublished; Sirima, unpublished).

APPROACH AND DISCUSSION

The Equatoguinean Malaria Vaccine Initiative (EGMVI).
In 2012, Sanaria and the Ifakara Health Institute (IHI, Tanzania)
leadership met with the GEG, andMarathon Oil to collaborate
with MCDI to establish the EGMVI and test Sanaria® PfSPZ
Vaccine onBioko Island. Thedecisions tomove forward in this
unique partnership were based on a recognition that current
control approaches had reached maximum capacity and that
an efficacious and effective vaccine to prevent infection and
transmission would be an ideal tool to reach elimination on
Bioko. The absenceof any such licensed vaccine attracted the
funders to support development of PfSPZ Vaccine and the
desire of the Equatoguinean government to become part of a
vaccine development and clinical research effort also drove
the stepwise decision-making through the initiation and sub-
sequent ramping up of the EGMVI. After a contribution by the
BIMCP funding partners of $3.8M in 2012 to initiate the first
clinical trial, the EGMVI was funded in 2015 with an additional
$44M,75%of the fundingcoming from theGEG.MedicalCare
Development International became responsible for manage-
ment, partner and government relations, recruitment, and
deployment of staff, logistics, and procurement. The Swiss
Tropical Public Health Institute (Swiss TPH) provided labora-
tory support and assistance in strategy and design, and IHI, in
a novel South–South collaboration, was engaged for pro-
viding personnel and training to launch the EGMVI clinical trial
program and establish an institutional mechanism for sus-
tainability of research resources. Because there had been no
prior national experience with clinical research compliant with
international standards, several major tasks were set before
starting a trial:

1. establish understanding of clinical trial processes, com-
pliance, ethical requirements, and research procedures at
all levels of government and in the general population;

2. build human resource capital and clinical trial infra-
structure;

3. establish a national ethical review committee;
4. establish regulatory capacity to import investigational

product; and
5. establish institutional framework and capacity within the

MHSW to meet its legal and regulatory mandate of sus-
taining the research resources of the trials.

The EGMVI recruited a team of African, European, and
American experts in malaria to form a scientific advisory
group.† Equatoguinean Malaria Vaccine Initiative partners
began engaging with the MHSW and other governmental

organizations like theNational University of EG, theMinistry of
Education and Science, parliament, and the Presidency, giv-
ing appropriate informational presentations. The EGMVI laid
out the requirements for clinical research and defined the
unique role for EG in the development of PfSPZ vaccines and
their deployment as public health tools. Defining the partner-
ship and trainingwas important in theseearly discussions. The
IHI provided opportunities to visit their research facility in
Bagamoyo and trained GEG officials on what EGMVI would
require to be successful. Excellent, international-standard
medical services were made available to host the first vaccine
trial in EG. To further expand training opportunities for EG
personnel and pretest all procedures for vaccine testing, the
EGMVI committed to run studies at the established IHI site in
Bagamoyo, Tanzania. Hence, the first trial in EG (EGSPZV1)
confirmed the tolerability, safety, and immunogenicity of
PfSPZ Vaccine in 33male (ages 18–35 years) subjects, similar
to a prior study in Bagamoyo (BSPZV1).27 Subsequently, an
age de-escalation/escalation trial (EGSPZV2) followed the
initiation of a parallel trial (BSPZV2) in Tanzania also EGMVI-
funded.47. As part of the commitment, the GEG funded the
EGMVI team to conduct a critical assessment of PfSPZ Vac-
cine in HIV-infected subjects in Bagamoyo (BSPZV3). To our
knowledge, this is the first time that an African state funded a
portfolio of clinical research conducted in a partner African
state, in large part because it funded the EGMVI as a learning
and partnership activity. The partnership is also unique in
supporting industry R&D needed for a commercial product.
Establishing human capital and infrastructure capacity.

Initiation of the EGSPZV1 study in EG was challenging. Given
the lack of experience, and with volunteer safety being para-
mount, clinical, administrative, laboratory, and training teams
were established in which Equatoguineans were embedded
into the clinical (IHI), laboratory (Swiss TPH), and hospital (La
Paz Hospital, Sipopo) teams to ensure proper training and
supervision. Medical Care Development International man-
aged logistics to execute the trials, including working closely
with the MHSW to recruit Equatoguinean teammembers who
were seconded from the MHSW to the EGMVI. The IHI pro-
vided expatriate staff and training for Equatoguinean na-
tionals, as well as ethical oversight. Swiss TPH provided
ethical oversight, and organized, equipped, and ran the trial
laboratories. La Paz Hospital, managed by an Israeli team,
provided staff and access to hospital space for subject eval-
uation, vaccine administration, and laboratory evaluation.
Sanaria, Inc., asproject sponsor, providedclinical support and
worked with the La Paz pharmacy to receive and prepare
vaccine in collaboration with an Equatoguinean pharmacist.
Marathon Oil and its partners, led by Marathon’s Corporate
Social Responsibility personnel based inEG, actedas a liaison
to the highest level within the GEG to inform the GEG about
progress and challenges.When it becamenecessary to expand
the trial team for future trials and hire non-MHSW national staff,
a human resource and training committee consisting of mem-
bers of the MHSW, MCDI, Sanaria, and Marathon Oil staff was
created to assure transparency and legitimacy in the staff se-
lectionprocess. Thisprocess facilitated thehiringof critical non-
MHSW national staff after the first trial.
In addition, the Equatoguinean staff received hands on

training from the Malaria Research and Training Center
(University of Bamako, Mali) in Donéguébougou, Mali, during
a clinical trial of PfSPZ Vaccine.24 A NIH training consultant

†Pedro L. Alonso, Fred. N. Binka, Brian M. Greenwood, Matthew B.
Laurens, Seth Owusi-Agyei, Christopher V. Plowe, Thomas L. Richie,
RobertW. Sauerwein, SodiomonB. Sirima, LaurenceSlutsker,Marcel
Tanner, Peter Kremsner, Ogobara Doumbo.
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and Sanaria staff helped develop a data management
framework and an approach for quality systems review. For
Equatoguineans, it was both inspiring and challenging to
work with new colleagues from various countries with a
broad array of professional experience, providing them with
many opportunities to improve their clinical, analytical, and
research skills.
Clinical laboratories processing specimens from clinical trials

require an appropriate set of standards to guide good prac-
tices.48 The Equatoguinean Malaria Vaccine Initiative in collab-
orationwith La PazHospital worked to improve the quality of the
hospital clinical laboratory. Initially, the IHI and La Paz laboratory
managers, with support from Swiss TPH and Sanaria, worked
together to implement a four-stage quality management system
that complied with Good Clinical Practices and ISO 15189. This
effort led to the La Paz laboratory being considered a three-
star–rated laboratory based on the WHO-AFRO-SLIPTA as-
sessment, thereby allowing the laboratory to serve the trial. In
recognition of the need for a dedicated research laboratory to
support subsequent clinical trials, GEG and private partners
funded the construction of a state-of-art laboratory and clinical
center in Baney city in Baney district (a community approxi-
mately 25 km southeast of Malabo), which was completed and
inaugurated in 2019. With scientific oversight from Swiss TPH
and the IHI, the new laboratory will conduct safety, molecular,
and immunological analysesofclinical trial samples todetermine
safety and mechanism of action of PfSPZ Vaccine. The labora-
tory will facilitate the transfer of technology frommore advanced
laboratories in Europe and the United States to EG and build
local expertise in biomedical sciences that will support other
diseases studies and address relevant research questions. Fi-
nally, the clinical section of the laboratorywill support the clinical
careofpatientsatBaneyDistrictHospitalwhich isnowhoused in
the same building.
Establishing ethical and regulatory structures. Before

the EGMVI, therewas no independent national ethics committee
in EG. Observational studies, cluster-randomized trials,49 and
surveys had received ethical approval from ad hoc ethics com-
mittees within the MHSW or participating institutions.49,50 A na-
tional, independent ethics committee (Comité Ética Nacional de
GuineaEcuatorial—CENGE)was established inOctober 2014 to
review and approve human research protocols in the country
starting with the first clinical trial, EGSPZV1. The IHI, WHO-
AFRO,and theUniversityofMarylandprovidedspecific technical
suggestions about the structure and processes of CENGE, and

the EG MHSW selected the initial committee members. The
CENGE was trained by experts in human research ethics from
WHO-AFRO, IHI Institutional Review Board (IRB), Tanzanian
National Health Research Ethics Committee, and the University
of Maryland, Baltimore IRB chair with ongoing support from
MCDI. The IHI IRB shared its procedural template with CENGE,
and the WHO-AFRO invited and integrated the leadership of
CENGE into the African Vaccine Regulatory Forum (AVAREF),
with the aim of providing additional technical support to improve
CENGE’s capacity and efficiency.
The EGMVI also trained the Department of Pharmacy and

Traditional Medicine (DPTM) (MHSW) staff, which is re-
sponsible for reviewing all drug registration and importation
into the country. Before EGMVI, theDPTM lacked the capacity
and knowledge to review investigational products for clinical
trials. The DPTM received training on regulations related to
clinical trial reviews and the roles and responsibilities of reg-
ulatory authorities in studies involving human subjects. The
EGMVI provided the DPTM with policies and procedures for
importation of investigational product used by ministries of
health ofMali, Ghana, and Tanzania, ensuring that the director
had both technical knowledge and reassurance that these
procedures are used by other African states. The DPTM di-
rector and Sanaria’s chief scientific officer attended an
AVAREF meeting in 2013, which provided further opportuni-
ties to interact with other African counterparts.
Conducting the first vaccine trials in EG. Results of the

first clinical trial, EGSPZV1, in EG were published in 2018.27

Planning and protocol development began in mid-2014, and
volunteer screening started in March 2015. The first step in-
volved high-level meetings with the president of EG, the
minister of mines and hydrocarbons, and two successive
ministers of health and social welfare to provide a detailed
understanding of the project. Subsequent meetings with
the MHSW reviewed the community engagement plan and
the study protocol. The EGMVI team engaged the Ministry
of Interior and Ministry of Education and Science, where
plans were further reviewed, discussed, and approved. The
Ministry of Interior provided the necessary approvals
allowing political leadership in the study area to review the
recruitment plans and processes. In addition, the EGMVI
team delivered an in-depth presentation to the Equatogui-
nean parliament, creating the opportunity for the members
of parliament to ask questions regarding the study and
long-term project goals.

FIGURE 2. Proposedpathway to the eliminationofPlasmodium falciparummalaria onBioko Island. This figure appears in color atwww.ajtmh.org.
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A community engagement plan was then developed. MCDI
recruited a U.S.-trained, Equatoguinean public health pro-
fessional who was a member of the primary ethnic group of
the study area and spoke the local language, and who could
therefore effectively engage both the international staff and
the community to build trust in and affinity with the project.
Communitymeetingswere heldwith village presidents in the
study area, followed by prescreening meetings, and finally
screening visits where volunteers were consented and
assessed for the eligibility criteria. After the studies were
completed, meetings were held with target communities to
report study findings. Based on the lessons learned (Box 1)
and clinical trial results, EGMVI is planning the first clinical
trial of phase 3 compliant PfSPZ Vaccine, a trial which will
provide data to support the application for licensure of
PfSPZ Vaccine.
Long-term human resource capital building. Another

critical component of the capacity-building exercise has

been providing opportunities for Equatoguineans to obtain
higher degrees. Through EGMVI funding, Equatoguinean
team members were offered the opportunity to identify
courses and programs for self-development, with support
from MCDI in the application process. To date, six Equato-
guinean nationals have enrolled for higher degrees in Spain
(IS Global), the Netherlands (the University of Utrecht), the
United Kingdom (the University of Manchester), and Swit-
zerland (the University of Basel). Each has a research ele-
ment to their degree that will contribute to the EGMVI goals
and supported on the ground by experienced IHI, Swiss,
and Sanaria supervisors. Other staff have enrolled in online
certifications anddiplomas. These self-motivated, internationally
educated staff are critical to the long-term stability and
success of the EGMVI and the sustainability of research
resources throughanational public health institute, the Instituto
Nacional de Investigación en Salud Pública de Guinea Ecua-
torial (INISAPGE).

Box 1

Basedon feedback from the funders, project partners, project staff, consultants, and outside expertswho participated in annualmeetings to review
the project’s planning and progress, the following lessons learned were taken from the experience:
A broad partnership approach across the public, private, and NGO sectors is key, and large time frames are required to work in such an
inexperienced, scientifically immature environment. Typically, double or triple the amount of timewas required to complete tasks comparedwith in
established clinical research environments. Generous planning and scheduling recommended to avoid unplanned costs and milestone planning
must be conditioned to account for unexpected delays. Controlling internal factors, such as staff performance expectations, should be a major
management focus to hold research team and leadership accountable.
Early and continuing, iterative consultative meetings were important in creating awareness of the EGMVI plans and later the actual work, and
generating support for the clinical trial work. This applied to local communities, the CENGE, and executive- and congressional-level government.
Must consider the political context of the country when planning a research program. Whereas in some countries a bottom-up approach might be
more effective, in EG, a top-down approach was central to the project’s success, as granting political permission was needed to ensure support of
lower level administrators and bureaucrats.
Organigrams that clearly identify roles and responsibilities for the project at all levels should be developed early, adhered to, and updated regularly
based on performance so that activities are not allocated to an individual who is not suited or able to execute the planned tasks.
Funding agreements should be set in 3- to 5-year increments with opportunities to review progress. To control costs, budgets should be reviewed
and approved annually, and cost-tracking measures/schemes must be in place. This ensures that there is a long-term commitment, while also
ensuring accountability.
Capacity building takes enormous effort and should be approachedwith a broadperspective. For instance, basedon our partnership approach, the
local staff were included in international conferences andmeetings, with the expectation that they will actively participate at the same level as other
contributors, giving talks and presenting data. Hence, the prerequisite for local (and expat) staff was to have an accepted posters and/or oral
presentations to attendmeetings andconferences. This created an internalmeritocracy that supported effort andprecludedpolitical influences and
preferences as to who represents the project internationally.
IncludeGEGofficials in annual planningand reviewmeetings. This is important so that there is governmental oversight and, importantly, a safe place
for GEG officials to ask questions. Government officials were also invited to international partner meetings so that GEGofficials could see and hear
about other trials being conducted on Plasmodium falciparum sporozoite Vaccine, their findings, and the challenges. GEG officials could confirm
from research teams in other countries that the product was being used elsewhere and there were no safety issues. Importantly, such interactions
allowed for local scientific staff and GEG officials to hear the same information in real time, reducing the politicization of the information provided.
Government co-funding. For projects of such magnitude to be sustainable, there must be long-term financial support for the project. To create
funding stability over time, an agreement between the private parties and the Ministry of Mines and Hydrocarbons was established that allowed
credits tobe applied toward theproject that offset taxes. This allowed for the funding tobeestablishedandmaintainedover time,while also ensuring
that theGEGhadcontrol over the funding, throughannual lettersof approvals signedby theMinistryofMinesandHydrocarbonsafter annualbudget
and technical reviews.
The South–South relationships that emerged from the establishment of the EGMVI, as well as through the BIMCP, came about through two main
activities: employingSouthern vendors, like the Tanzanian IHI, and employingAfrican andSouthAmericanprofessionals. The vendorswere needed
because of their existing level of expertise, and the professional staff hired were needed to serve as role models to the local staff hired into the
project. Both strategies are purposeful and required forethought and investment to make them work.
Effective governance, as noted in the text, is established by having routine, high-level meetings with ministerial and executive-Level branches of
government, as well as holding regular technical and financial meetings with mid- and upper-level GEG representatives, that ensure that there is
understanding andbuy-in for the investments beingmade and evidence of progress aswell as setbacks that can bediscussedand actedon.On the
private vendor side, Marathon Oil held vendors accountable using standard contract and finance/accounting compliance tools. This exercise
ensured that theGEG received up-to-date compliance data, aswell as the private parties, ensuring continued trust required to commit to long-term
funding over time.With respect to driving this governance, MarathonOil CSR staff were responsible tomaintain the viability of the CSR investment
and hence drove the processes through direct engagement with the GEG via the Ministry of Health and Social Welfare, as well as through
established annual production review meetings with the company and the Ministry of Mines and Hydrocarbons.
Strategies that worked best for the BIMCP/EGMVI program included creating HR committees and other mechanisms that gave GEG entry into the
decision and resource deployment process, while also ensuring that the scientific and financial stakeholders had seats at these tables. Theremust
be awillingness on the part of the financial stakeholders to engageall partnerswhere they are at in developmental terms.What did notworkwell was
the employment of staff whowere directed by political actors such asministers. This was not due to conflicts of interest, rather it was due to limited
understanding of the needed skills and talents for a novel project in a limited human capacity environment.
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Instituto Nacional de Investigación en Salud Pública de
Guinea Ecuatorial. Previously, the MHSW had no mecha-
nism and processes to coordinate and manage clinical re-
search in EG. Furthermore, implementation of EGMVI trials
generated data and biological sample resources that re-
quired MHSW maintenance in compliance with in-
ternational legal and regulatory standards. Within the
implementation of EGMVI, the IHI led the establishment of
such a framework for the MHSW in an exemplary South–
South cooperation approach. A joint IHI and MHSW team
developed the articles of establishment for INISAPGE.
Administrative manuals and procedures of the institute
were presented and endorsed by various government offi-
cials and health stakeholders. Instituto Nacional de Inves-
tigación en Salud Pública de Guinea Ecuatorial was
established in February 2019 to be the research arm of the
MHSW, coordinating all human health research conducted
in EG, as well as facilitating the development and imple-
mentation of an agenda promoting rapid health trans-
formation in the country. Additional research projects are
developing in partnership with the WHO and academic and
private institutions, as well as hosting students including an
OCEAC-supported PhD candidate. Instituto Nacional de
Investigación en Salud Pública de Guinea Ecuatorial will
inherit the responsibility for maintaining clinical research
resources in EG and be the host institution for the trained
EGMVI scientific staff.
FUTURE PLANS AND PERSPECTIVE. In 2020, the Bioko

Island Malaria Elimination Program (BIMEP), the merger of
BIMCP and EGMVI, will launch a clinical trial with phase 3
compliant PfSPZVaccine. A licensed PfSPZVaccine is critical
to the long-term plans for malaria control and elimination
(Figure 2), and this clinical trial has the explicit aim of obtaining
data for licensing Sanaria® PfSPZ Vaccine in the United
States, Europe, and at least one African country with well-
established regulatory procedures. There will be two parts to
this clinical trial, both intended to develop systems, facilities,
and personnel at the next level of research, compliance, and
responsibility. Two thousand hundred Equatoguinean volun-
teers aged 2–50 years will receive PfSPZ Vaccine or placebo,
be boosted 9 months later, and then followed up to demon-
strate safety, immunogenicity, and protective efficacy. The
ambitiousgoal is to havea regulatory submission and licensed
product by 2022, which may be possible given that Sanaria
has been granted FDA “Fast Track” status for PfSPZ Vaccine.
With a trained clinical researchworkforce, infrastructure, and

institutional framework in place, once the product is licensed,
the BIMEP aims to demonstrate the public health utility of
PfSPZVaccinewithina fully integratedmalariacontrol program.
With individual protective efficacy demonstrated (Figure 2), a
cluster-randomized clinical trial will then evaluate PfSPZ Vac-
cine for a possible vaccine mass effect or herd immunity, and
interruption of malaria transmission within the vaccine-treated
clusters. The plans for this demonstration project include
modeling to define matching paired clusters of similar malaria
epidemiologies and population demographics across Bioko
Island. The BIMEP will then seek to move into an elimination
program based on a stepped-wedge design (Figure 2). Here,
established malaria control will be combined with mass drug
administration and mass vaccination programs across the
whole island to achieve Pf elimination. The program will addi-
tionally have two important complementary components: 1)

curative use of drugs and prophylactic (vaccine) treatments of
travelers to and from the mainland to reduce the probability of
infection when on the mainland and reintroductions when
returning to Bioko, and 2) a surveillance-response system
based on rapid diagnosis combined with response packages
that also include vaccination. A georeferenced demographics
database will identify new people needing vaccinations (e.g.,
children as they reach 2 years of age, immigrants). Thiswill be a
comprehensive but massive undertaking, targeting more than
280,000 people for full coverage. However, if Pf can be elimi-
nated at this scale from a region that once had one of the
highest transmission intensities (entomological inoculation
rates) in Africa,51,52 then the stage will be set for an external
validation of this approach, leading through generalization to a
comparable implementation throughout many African settings
to halt the transmission and eliminate Pf malaria systematically
from defined geographic areas in Africa and eventually the
world.
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PhiriWP,Osá NfumuJO,MbaEyono JN, Battle KE,GibsonHS,
Garcı́a GA, Smith DL, 2019. Human mobility patterns and
malaria importation on Bioko Island. Nat Commun 10: 2332.

18. Hoffman SL et al., 2010. Development of a metabolically active,
non-replicating sporozoite vaccine to prevent Plasmodium
falciparummalaria. Hum Vaccin 6: 97–106.

19. Richie TL et al., 2015. Progress with Plasmodium falciparum spo-
rozoite (PfSPZ)-basedmalaria vaccines.Vaccine 33:7452–7461.

20. Lyke KE et al., 2017. Attenuated PfSPZ vaccine induces strain-
transcending T cells and durable protection against heterolo-
gous controlled human malaria infection. Proc Natl Acad Sci
USA 114: 2711–2716.

21. Epstein JE et al., 2017. Protection againstPlasmodium falciparum
malaria by PfSPZ vaccine. JCI Insight 2: e89154.

22. Ishizuka AS et al., 2016. Protection against malaria at 1 year and im-
munecorrelates followingPfSPZvaccination.NatMed22:614–623.

23. Epstein JE et al., 2011. Live attenuated malaria vaccine designed
to protect through hepatic CD8+T cell immunity. Science
334: 475–480.

24. Sissoko MS et al.,2017. Safety and efficacy of PfSPZ vaccine
againstPlasmodium falciparum via direct venous inoculation in
healthy malaria-exposed adults in Mali: a randomised, double-
blind phase 1 trial. Lancet Infect Dis 17: 498–509.

25. Lyke KE et al., 2015. Optimizing intradermal administration of
cryopreserved Plasmodium falciparum sporozoites in con-
trolled human malaria infection. Am J Trop Med Hyg 93:
1274–1284.

26. Jongo SA et al., 2018. Safety, immunogenicity, and protective
efficacy against controlled human malaria infection of Plas-
modium falciparum sporozoite vaccine in Tanzanian adults.
Am J Trop Med Hyg 99: 338–349.

27. Olotu A et al., 2018. Advancing global health through develop-
ment and clinical trials partnerships: a randomized, placebo-
controlled, double-blind assessment of safety, tolerability, and
immunogenicity of Plasmodium falciparum sporozoites vac-
cine for malaria in healthy Equatoguinean men. Am J TropMed
Hyg 98: 308–318.

28. Kleinschmidt I, Sharp B, Benavente LE, Schwabe C, Torrez M,
Kuklinski J, Morris N, Raman J, Carter J, 2006. Reduction in
infection with Plasmodium falciparum one year after the in-
troduction of malaria control interventions on Bioko Island,
Equatorial Guinea. Am J Trop Med Hyg 74: 972–978.

29. Cook J, Kleinschmidt I, SchwabeC,NsengG, BousemaT,Corran
PH, Riley EM, Drakeley CJ, 2011. Serological markers suggest
heterogeneity of effectiveness of malaria control interventions
on Bioko Island, Equatorial Guinea. PLoS One 6: e25137.

30. Sharp BL, Ridl FC, Govender D, Kuklinski J, Kleinschmidt I, 2007.
Malaria vector control by indoor residual insecticide spraying
on the tropical Island of Bioko, Equatorial Guinea.Malar J 6: 52.

31. Garcia GA et al., 2019. Mapping and enumerating houses and
households to support malaria control interventions on Bioko
Island.Malar J 18: 283.

32. The Government of Equatorial Guinea and Medical Care Devel-
opment International (MDCI), 2015. The Bioko Island Malaria
Control Project Malaria Indicator Survey (MIS) 2015. Technical
Report.

33. The Government of Equatorial Guinea and Medical Care Devel-
opment International (MDCI), 2018. The Bioko Island Malaria
Control Project Malaria Indicator Survey (MIS) 2018. Technical
Report.

34. Lell B et al., 2018. Impact of sickle cell trait and naturally acquired
immunity on uncomplicated malaria after controlled human
malaria infection in adults in Gabon. Am J Trop Med Hyg 98:
508–515.

35. Obiero JM et al., 2015. Impact of malaria pre-exposure on anti-
parasite cellular and humoral immune responses after con-
trolled human malaria infection. Infect Immun 83: 2185–2196.

36. Hodgson SH et al., 2015. Lessons learnt from the first controlled
human malaria infection study conducted in Nairobi, Kenya.
Malar J 14: 182.

37. Mordmüller B et al., 2015. Direct venous inoculation of Plasmo-
dium falciparum sporozoites for controlled human malaria in-
fection: a dose-finding trial in two centres.Malar J 14: 117.

38. Hodgson SH et al., 2014. Evaluating controlled human malaria
infection in Kenyan adults with varying degrees of prior expo-
sure toPlasmodium falciparum using sporozoites administered
by intramuscular injection. Front Microbiol 5: 686.

39. Roestenberg M et al., 2013. Controlled human malaria infections
by intradermal injection of cryopreserved Plasmodium falcipa-
rum sporozoites. Am J Trop Med Hyg 88: 5–13.

40. Sheehy SH et al., 2013. Optimising controlled human malaria in-
fection studies using cryopreserved parasites administered by
needle and syringe. PLoS One 8: e65960.

41. Shekalaghe S et al., 2014. Controlled human malaria infection of
Tanzanians by intradermal injection of aseptic, purified, cry-
opreserved Plasmodium falciparum sporozoites. Am J Trop
Med Hyg 91: 471–480.

42. Gomez-Perez GP et al., 2015. Controlled human malaria infection
by intramuscular and direct venous inoculation of cryopreserved
Plasmodium falciparum sporozoites in malaria-naive volunteers:
effect of injection volume and dose on infectivity rates.Malar J
14: 306.

EGMVI: FROM CLINICAL RESEARCH TO MALARIA ELIMINATION PLANS 7

https://creativecommons.org/licenses/by/4.0/
https://www.un.org/en/africa/osaa/pdf/au/agenda2063.pdf
https://www.un.org/en/africa/osaa/pdf/au/agenda2063.pdf
https://www.cia.gov/library/publications/the-world-factbook/geos/ek.html
https://www.cia.gov/library/publications/the-world-factbook/geos/ek.html
http://www.oecd.org/dataoecd/12/56/40577917.pdf
https://www.sciencemag.org/news/2019/08/setting-deadline-eradicating-malaria-good-idea-scientists-are-divided
https://www.sciencemag.org/news/2019/08/setting-deadline-eradicating-malaria-good-idea-scientists-are-divided
https://www.sciencemag.org/news/2019/08/setting-deadline-eradicating-malaria-good-idea-scientists-are-divided


43. Mordmuller B et al., 2017. Sterile protection against human
malaria by chemoattenuated PfSPZ vaccine. Nature 542:
445–449.

44. BastiaensGJ et al., 2016. Safety, immunogenicity, and protective
efficacy of intradermal immunization with aseptic, purified,
cryopreserved Plasmodium falciparum sporozoites in volun-
teers under chloroquine prophylaxis: a randomized controlled
trial. Am J Trop Med Hyg 94: 663–673.

45. Mutapi F, Billingsley PF, SecorWE, 2013. Infection and treatment
immunizations for successful parasite vaccines. Trends Para-
sitol 29: 135–141.

46. Jongo SA et al., 2019. Increase of dose associated with decrease
in protection against controlled human malaria infection by
PfSPZ Vaccine in Tanzanian adults. Clin Infect Dis.

47. Jongo SA et al., 2019. Safety and differential antibody and T-cell re-
sponses to thePlasmodium falciparum sporozoitemalaria vaccine,
PfSPZ vaccine, by age in Tanzanian adults, adolescents, children,
and infants. Am J Trop Med Hyg 100: 1433–1444.

48. Stevens W, 2003. Good clinical laboratory practice (GCLP): the
need for a hybrid of good laboratory practice and good clinical
practice guidelines/standards for medical testing laboratories

conducting clinical trials in developing countries. Qual Assur
10: 83–89.

49. Bradley J, Hergott D,GarciaG, Lines J, Cook J, SlotmanMA, Phiri
WP, Schwabe C, Kleinschmidt I, 2016. A cluster randomized
trial comparing deltamethrin andbendiocarb as insecticides for
indoor residual spraying to control malaria on Bioko Island,
Equatorial Guinea.Malar J 15: 378.

50. NcogoP,Romay-BarjaM,BenitoA,AparicioP,NsengG,Berzosa
P, Santana-Morales MA, Riloha M, Valladares B, Herrador Z,
2017. Prevalence of anemia and associated factors in children
living in urban and rural settings from Bata district, Equatorial
Guinea, 2013. PLoS One 12: e0176613.

51. Cano J, Berzosa PJ, Roche J, Rubio JM,Moyano E, Guerra-Neira
A, Brochero H, MicoM, EduM, Benito A, 2004. Malaria vectors
in the Bioko Island (Equatorial Guinea): estimation of vector
dynamics and transmission intensities. J Med Entomol 41:
158–161.

52. OvergaardHJ, ReddyVP, AbagaS,MatiasA, ReddyMR, Kulkarni
V, Schwabe C, Segura L, Kleinschmidt I, Slotman MA, 2012.
Malaria transmission after five years of vector control on Bioko
Island, Equatorial Guinea. Parasit Vectors 5: 253.

8 BILLINGSLEY AND OTHERS

View publication statsView publication stats

https://www.researchgate.net/publication/341674895

