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Abstract

Background: GMZ2 is a blood stage candidate malaria vaccine which comprises a recombinant fusion protein based on
conserved fragments of two P. falciparum asexual blood-stage antigens, the glutamate-rich protein (GLURP) and
merozoite surface protein 3 (MSP3), adjuvanted with Alhydrogel (alum). Phase IA and IB trials have shown good safety
and immunogenicity of GMZ2 in malaria-naive adults as well in African adults and children. The aim of the trial is to
assess the efficacy of GMZ2 in African children.

Methods: GMZ2 phase IIB vaccine trial recruited participants in four African countries with various malaria transmission
intensities. The trial was not powered to compare efficacy by site but a multicentre approach was chosen to ensure
adequate sample size interms of the number of malaria cases and to evaluate safety and immunogenicity in range of
settings. Baseline studies were conducted in each trial sites prior to commencement of the trial to pilot surveillance
methods and obtain estimates of incidence rates. The study population was children 1-5 yrs of age, to be randomized to
receive three doses of GMZ2 or rabies vaccine one month apart. The primary endpoint of the trial is malaria which was
defined as tympanic temperature of >38°C or history of fever in the previous 48 hrs and parasite density of = 5000 /uL,
ascertained by Passive Case Detection (PCD) at clinics, over a period up to 6 months after the third dose for the primary
analysis, with further follow-up for a total of 22 months.

Conclusion: This is the first multi-country trial of a blood stage malaria vaccine. The trial included substantial capacity
development component to establish a multicentre vaccine trial network. The results will guide the further clinical

development of GMZ2.
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Introduction expressed in the Lactococcus lactis expression system.
The candidate vaccine is based on the conserved
Background fragments of the asexual blood stage of the parasite. GMZ2

induced antibodies has been shown to be functional in an
ADCC assay [2]. The clinical development has focused on
GMZ2/Al(OH); formulation due to good safety and
immunogenicity profiles in the initial phase I studies [3-

GMZ2 is one of the candidate blood stage malaria
vaccine under clinical development [1]. GMZ2 is a
recombinant hybrid protein between GLURP and MSP3
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6]. Further it has been demonstrated that GMZ2
adjuvanted in alum elicits antibody titers in humans
which are equivalent to those obtained after years of
exposure [2]. The GMZ2/Al(OH)3; formulation has so far
been tested in three phase I studies: a) a phase IA trial in
malaria-naive German adults [4], b) a phase IB trial in
partially immune Gabonese adults [6] and c) a phase IB
trial in Gabonese children aged 1-5 years [3]. Each of
these trials has shown GMZ2/AI(OH); to be safe, well
tolerated and immunogenic. The result of a phase IIB
study, the design of which is discussed in this article, is
published recently [7].

The aim of this phase IIB trial is to assess efficacy.
Children between 1-5 years of age are recruited and will
receive 3 doses of GMZ2/Al(OH)z or rabies with one
month interval intramuscularly in the right and left
deltoid region alternately. Primary end point is efficacy of
GMZ2 in preventing clinical malaria over a 6 month
period after the last dose. The children will also be
followed for a total of 22 months.

Decline in malaria incidence is reported in various
countries [8,9]. The decline in malaria incidence could
impact the clinical trial result since adequate number of
malaria cases is required for statistical analysis. Hence,
malaria incidence situation would have an impact on trial
design. This paper discusses critical aspects of GMZ2
phase IIB trial design in four East, Central and West
African countries. The discussion on trial design facilitates
the understanding of the efficacy results of GMZ2 which is
already published [7].

Methods

Multicentre design

GMZ2 phase IIB trial recruited trial participants in five
sites from four different countries which varied in malaria
transmission intensities and patterns. Sites recruiting for
GMZ2 were Iganga in Uganda, Sapone and Banfora in
Burkina Faso, Lambarene in Gabon and Navrongo in
Ghana. Iganga, Uganda has high and all year round
transmission with slight variation in intensity while
Sapone and Banfora has high but seasonal transmission
[10,11]. On the other hand, Lambarene, Gabon has low
and all year round transmission with slight difference in
transmission intensity while Navrongo, Ghana has low
and highly seasonal malaria transmission pattern.
Increasing the number of sites was beneficial in ensuring
adequate malaria episodes for conclusive statistical
analysis. Single centre phase IIB clinical trials have been
observed to end up with an inconclusive result due to
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drastic decline in malaria incidence (personal
communications). In the GMZ2 phase 1IB vaccine trial
sites are situated in four East, Central and West African
countries. With this approach of recruiting in multiple
sites with different geographical scenarios it would be
very unlikely that the incidence would decline in all the
sites at the same time. Safety data would also be acquired
from different participants with different genetic
background.

From RTS,S trial it was observed that the vaccine
protects better in areas of low transmission than it does
in high transmission areas [12]. Even if our trial is not
powered to compare protection by site, we would still
have some information to what extent the vaccine
protection differs in low versus high transmission areas.

Baseline studies

Baseline studies were conducted in Burkina Faso,
Gabon, the Gambia and Uganda before the
commencement of the phase IIB vaccine trial [10,11]. The
main purposes of the baseline studies were to acquire
information on malaria incidence for sample size
calculations and pilot test the surveillance method. The
Upper River Region (URR) in The Gambia was initially
thought to be one of the clinical trial sites. However, the
baseline study conducted in this site in the Gambia
indicated that malaria incidence was too low and the site
could not recruit for GMZ2 phase IIB trial. Hence,
Navrongo, Ghana replaced URR, Gambia.

Case definition of malaria

From the baseline studies it was observed that
tympanic temperature of > 380C or history of fever within
48hrs plus a parasite count of >5000/uL has specificity of
at least 78% and sensitivity of 56% [11]. The same case
definition was employed in all sites, in order to have a
specific case definition in all sites recognizing that
sensitivity may vary by site. All children with tympanic
temperature of > 38°C or history of fever in the previous
48 hours at the time of presentation were screened for
malaria. The WHO expert group proposes that fever
should be defined as an axillary temperature of = 37.5°C
in malaria vaccine trials [13]. Axillary measurements,
however, may underestimate the core body temperature
and hence have low sensitivity whereas tympanic
measurement gives a relatively more accurate estimate of
the core body temperature [14]. Passive Case Detection
(PCD) was preferred over Active Case Detection (ACD)
because ACD might under-estimate the effect of a blood
stage vaccine, by detecting cases early before they
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develop higher density parasitaemias that the vaccine is
expected to prevent.

Timing of vaccine administration

The number of malaria cases that would accrue at the
end of this trial was given emphasis in this trial. This is
because adequate number of cases is required for
appropriate conclusion from statistical analysis. Malaria
episodes would significantly increase during peak
transmission period in areas with seasonal variation.
Hence, in these areas every effort was made to deploy all
the three doses of the vaccinations to all participants
before the start of peak transmission period.
Administration of vaccines in the middle of peak
transmission could also result in problems with
acquisition of vaccine induced immunity. This could
probably be due to heavy sporozoite challenge during
peak transmission which would overcome vaccine
induced immunity [15,16]. This approach was important
to equip study participants immunologically and possibly
prevent malaria during the peak transmission period.

Statistical Considerations

Sample size was estimated based on smear positive
children from the baseline studies. In Burkina Faso, Ghana
and Uganda 30% of children in the control group were
estimated to have an episode of malaria (fever or history
of fever with parasitaemia = 5000/puL) during the 6 month
surveillance period. The estimate for Gabon was that 10%
of children would have an episode during the same period
of surveillance. Hence total sample size was calculated to
be 1840. The sample size gives 90% power to detect a
vaccine efficacy of 30% (using significance level of 5%),
allowing for 15% loss to follow-up.

If incidence is lower than we have assumed in some or
all of the sites, the power will be less. Increasing the
analysis period up to a maximum of 12 months may not
help very much in terms of power because only one site,
Uganda, is likely to yield many additional cases, because
of the seasonal pattern of transmission in Burkina Faso
and Ghana and the low incidence in Gabon. If incidence in
the control group over 6 months is 20% in the three high
incidence sites rather than the 30% we have assumed,
and 5% in Gabon rather than 10%, the power at 6 months
will be about 74% to detect an efficacy of 30%. If
incidence is 30% in two sites and 5% in the other two
sites, the power is about 78%. If incidence is 10% in three
sites and 30% in one site, the power is about 71%. If
incidence is 5% in Gabon and 10% in the other sites, the
power is only 48% for an efficacy of 30%, but there is
77% power to detect an efficacy of 40%. So with this
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sample size in 4 sites we have a reasonable degree of
security against the effects of a decline in malaria
incidence in our study sites.

In this trial all malaria episodes per child would be
considered for primary analysis using Cox regression.
Multiple malaria episodes in a child may not be
independent to each other and it may be difficult to
routinely distinguish between new malaria episodes vs
relapse. To avoid bias due to interdependent nature of
multiple attacks the Cox regression used a robust
estimate of the standard error that takes into account the
correlation among multiple observations per child [17].
Malaria symptoms occurring within 14 days of the start of
treatment were considered as part of the same episode.

Per protocol analysis of the primary end point would
consider all malaria cases recorded right after
administration of dose 3. This is, however, unlike other
malaria trials where two [18] to four weeks [19] of gap
was given between last vaccination and recording of
malaria cases. This trial did not allow interval for fear of
not accruing enough malaria cases at the end of the trial.
It may be argued that the objective of the third dose, the
second dose as well, is to induce secondary immune
response. This type of response needs shorter time to
develop compared to inducing primary immune response
[20,21]. However, the induction of secondary immunity
still needs few days to develop. Moreover, P. falciparum
Malaria has also an incubation period of around two
weeks. Malaria cases recorded shortly after the last
immunization probably started two or more weeks before
the third dose administration. Such malaria cases in the
GMZ2 group had a probability to be protected by the first
two immunizations. But the third immunization would
not get a chance to further protect them. A leeway of at
least two weeks would have been appropriate and
including malaria cases just after the 3rd dose may
underestimate the actual vaccine protection.

Working Groups and capacity building

Data Management and Laboratory working groups
were established prior to the commencement of the trial
comprising of relevant staff from each sites and the
sponsor. The working groups met regularly to
standardize activities across all sites and provide
technical support. Sites differed in their experience in
conducting clinical trials and the working groups were
used as means of sustained mentorship among the clinical
trial sites. Staff exchange programs were also arranged in
such a way that young sites would gain considerable
experience from experienced clinical trial sites. These
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endeavors resulted in capacity development within
participating sites as well as ensured quality of data
generated during the trial.

Conclusions

This is a large well powered trial to determine whether
GMZ2 can protect children from malaria, and the duration
of protection. It will yield information on safety and
immunogenicity in children of East, Central and West
Africa and from varying epidemiological settings. A multi-
centre trial is a complex challenge. There was an
emphasis on capacity development, more experienced
sites providing technical support to newer sites, and
working groups which met regularly to standardize
methods.
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