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a  b  s  t  r  a  c  t

Vaccines  interrupting  Plasmodium  falciparum  malaria  transmission  targeting  sexual,  sporogonic,  or
mosquito-stage  antigens  (SSM-VIMT)  are  currently  under  development  to  reduce  malaria  transmission.
An  international  group  of malaria  experts  was  established  to evaluate  the  feasibility  and  optimal  design
of  a Phase  III  cluster  randomized  trial  (CRT)  that  could  support  regulatory  review  and  approval  of an
SSM-VIMT.  The  consensus  design  is  a  CRT  with  a sentinel  population  randomly  selected  from  defined
inner  and  buffer  zones  in each  cluster,  a cluster  size  sufficient  to assess  true vaccine  efficacy  in  the  inner
zone,  and  inclusion  of  ongoing  assessment  of vaccine  impact  stratified  by  distance  of residence  from
the  cluster  edge.  Trials  should  be  conducted  first  in areas  of moderate  transmission,  where  SSM-VIMT
impact  should  be greatest.  Sample  size  estimates  suggest  that  such  a trial is  feasible,  and  within  the  range
of previously  supported  trials  of malaria  interventions,  although  substantial  issues  to implementation
exist.

©  2015  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Over the past decade, with the scale-up of preventive, diagnos-
tic and treatment measures, significant progress has been achieved
in reducing malaria burden (Fig. 1). However, during 2012 an
estimated 3.4 billion people remained at risk of malaria, most
of them in sub-Saharan Africa. Existing measures may  not be
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sufficient to achieve effective control and possible elimination;
these measures are limited by less than optimal implementation
of World Health Organization (WHO) policies and recommenda-
tions at country level, stagnation in international malaria control
funding [1], increasing mosquito resistance to insecticides [2], and
drug-resistance of malaria parasites [3]. In this context, additional
interventions, such as malaria vaccines, may  constitute a key com-
ponent of a global malaria eradication package [4,5].

During 2013, the Malaria Vaccine Technology Roadmap was
updated, and included among other strategic goals for 2030 devel-
opment of vaccines interrupting malaria parasite transmission
(VIMTs) [6]. VIMTs are under development, which can, in principle,
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Fig. 1. Trial participant mother sets up mosquito netting.
Photo by John Michael Maas, Darby Communications.

block different stages of the malaria parasite lifecycle. VIMTs tar-
geting sexual, sporogenic, or mosquito-stage antigens (SSM-VIMT)
(Fig. 2) aim to prevent human malaria infection in vaccinated com-
munities by inhibiting parasite development within the mosquito
after a blood meal taken from a human carrier with circulating
gametocytes [7,8]. Hence, vaccination does not provide the vacci-
nees with immediate direct protection against infection or disease;
instead, vaccination blocks maturation of gametocytes ingested by
a mosquito into oocysts and sporozoites, which in turn blocks trans-
mission from the mosquito to other humans [9]. By this means,
the vaccine recipient and his or her community receive protection
against secondary infection.

Before embarking on a time-consuming and expensive clinical
development of an SSM-VIMT, investigators and regulators need
to agree on the regulatory requirements and most efficient accept-
able clinical development pathway. One option is to follow a clinical
regulatory pathway that would include Phase I and Phase II trials
followed by a large scale population-based Phase III trial evaluat-
ing efficacy against infection and clinical endpoints. The current
manuscript presents the results of a working group whose objec-
tive was to identify key design issues, preferred methodology, and

technical and operational requirements for the Phase III trial of such
a pathway. The goal was to develop a plan sufficiently detailed for
agencies such as the US Food and Drug Administration (FDA) to
assess whether this design could, in principle, lead to licensure.

To achieve these objectives, the Malaria Vaccine Initiative (MVI;
a program of the international public health organization PATH),
with the help of the Agence de Médecine Préventive (AMP), estab-
lished a working group of international experts across a broad range
of malaria disciplines relevant to an SSM-VIMT Phase III trial. This
paper provides a synopsis of the conclusions drawn from the eval-
uation process conducted by this group.

2. Methods

2.1. Technical consulting group

MVI  organized a working group (all included as authors of the
current manuscript) with the objectives to develop and define key
design aspects for an SSM-VIMT Phase III cluster randomized trial
(CRT); document study feasibility; and provide sufficient details
for the US FDA to discuss the constraints and limitations of a pre-
licensure CRT, and to assess whether this design could in principle
lead to licensure. To achieve these objectives, MVI brought together
13 experts on clinical trial design, malaria epidemiology, malaria
entomology, and statistics, for a face-to-face meeting at the PATH
Europe office in Ferney-Voltaire, France. External observers were
included in the discussions, with participants from the WHO, PATH,
MMV (Medicines for Malaria Venture), AMP, and GlaxoSmithKline
(GSK), which has malaria vaccines in development. We  concen-
trated our efforts on designing a Phase III trial, working from
predefined assumptions on the outcomes of Phase I and Phase II
trials.

Because the US FDA had previously indicated a preference for a
CRT, and because an SSM-VIMT is by definition a community rather
than an individual intervention, we focused on this design. This a
priori bias has a scientific basis as well. The TBV coverage needed
to interrupt transmission in any particular setting of malaria trans-
mission and mosquito dynamics is unknown. In this context, any
selected ratio of vaccinated to unvaccinated persons in an indi-
vidually randomized trial may  lead to substantial protection of

Fig. 2. Steps in the parasite life cycle affected by sexual, sporogenic, or mosquito antigen vaccines that interrupt malaria transmission (SSM-VIMTs). When ingested by a
mosquito, antibodies produced by an SSM-VIMT vaccinated individual could interrupt maturation of gametocytes into oocysts and sporozoites

Adapted from Winzeler [7].
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