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Abstract. Macrophages are involved in innate immunity against malaria due to their
ability to phagocytose infected erythrocytes and produce inflammatory cytokines, which
are important for controlling parasite growth during malaria infection. In this study, the
ability of a recombinant BCG (rBCG) vaccine expressing the 19-kDa C-terminus of
merozoite surface protein-1 (MSP1-C) of Plasmodium falciparum, to stimulate the
phagocytic activity and secretion of pro-inflammatory cytokines by the macrophage cell
line J774A.1 was measured at varying times. The results demonstrate the ability of the
rBCG construct to activate the inflammatory action of macrophages, which is important
as a first-line of defence in clearing malaria infections.

INTRODUCTION

have become a top public health priority for
malaria control (Yazdani et al., 2006).
Research aimed at the development of
an effective vaccine against malaria has
been conducted for years. Advances in
biotechnology and in understanding the
molecular mechanism as well as the
genetic diversity of the parasites have
encouraged more research and provided
new opportunities for vaccine development
against malaria (Genton et al., 2003; Hall
et al., 2005; Ferreira & Hartl, 2007).
Thousands of novel proteins from different
stages of the parasites’ life cycle have been
studied for their potential as vaccine
targets. As a result, several candidate
vaccines have been developed and some of
them such as RTS,S, have entered clinical
trial (Alonso et al., 2005; Sacarlal et al.,
2008). However till date, there is still no
safe and effective vaccine that has been
approved to be implemented worldwide.

Malaria continues to be one of the leading
causes of death in the developing and under
developed countries. The majority of
deaths are in children under the age of five
(Elliott & Beeson, 2008; Guerra et al., 2008).
It is caused by obligate intracellular
parasite of the genus Plasmodium and is
transmitted to humans through the bite of
the female Anopheles mosquito. Among
four species of human malaria parasites,
Plasmodium falciparum is the most
dangerous due to high fatality rate (Angulo
& Fresno, 2002). Various anti-malarial
drugs such as chloroquine and artemisinin
are currently used to control malaria.
However, anti-malarial drugs only partially
effective in controlling disease due to the
increasing problem of drug resistant
parasites all over the world. Thus,
additional approaches such as vaccination
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Most studies on malaria vaccine
development have focused on asexual
blood-stage of the parasitic life cycle. At
this stage, the merozoites that are released
from infected liver cells enter the
bloodstream and invade red blood cells
(RBC). Here the merozoites establishing a
cycle of invasion and replication, which is
responsible for all clinical illness of
malaria (Harris et al., 2005). Thus,
development of a blood-stage vaccine can
generate antibodies that inhibit parasite
invasion of red blood cells as well as
reduce the complications of the disease
(Wipasa, 2002). Several surface proteins of
the merozoite have been studied as
candidate
antigens
in
vaccine
development against blood-stage malarial
infection. Of these, the C-terminus of
merozoite surface protein-1 (MSP-1C) is
one of the most extensively studied. It is a
19-kDa fragment of merozoite surface
protein comprising two epidermal growth
factor (EGF) domains that are synthesised
through a proteolytic process from ~200
kDa
molecule
during
merozoite
development. This fragment is bound to the
merozoite plasma membrane via its
glycosyl phosphatidylinositol (GPI) anchor.
It is the only part of the MSP1 complex to
be carried inside the erythrocyte during
invasion while the remaining fragments are
shed as a soluble complex (Blackman et
al., 1990; Harris et al., 2005). This region is
functionally conserved across species of
the genus Plasmodium (O’Donnell et al.,
2000). MSP-1C is important for erythrocyte
invasion and immune responses against the
parasite. Antibodies to MSP1-1C have been
reported to be associated with protection
from symptomatic disease in animals
(Hirunpetcharat et al., 1997; Perera et al.,
1998; Wan Omar et al., 2007) as well as in
human (O’Donnell et al., 2001; King et al.,
2002; John et al., 2004).
Phagocytosis of parasites by
macrophages has important roles in innate
immunity during malaria parasite infection
by facilitating the killing of pathogens and
priming the adaptive immune response
(Stevenson & Riley, 2004; Lee et al., 2007).
During this activity, macrophages are

activated to acquire microbicidal effector
functions and secrete proinflammatory
cytokines such as IL-12, TNF-α and IL-1β.
This results in inflammation and
recruitment of immune cells for the
elimination of surrounding pathogens, as
well as the release of toxic metabolites
such as nitric oxide (NO) which kill the
parasites directly and can also combine
with superoxide (O2-) to form peroxynitrite,
a strong bactericidal agent (Mshana et al.,
1991; Bogdan, 2001). The anti-malarial
activities of IL-12, TNF-α and IL-1β have
been previously reported (Yazdani et al.,
2006). Administration of IL-12 in mice has
been shown to protect against Plasmodium
yoelii (Sedegah et al., 1994) and bloodstage Plasmodium chabaudi (Stevenson et
al., 1995; Sam & Stevenson, 1999). In
addition, the presence of IL-12 also
provides protection from Plasmodium
cynomolgi infection in the rhesus monkey
(Hoffman et al., 1997). TNF-α and IL-1β are
also protective against malaria parasite
infection by promoting activated
macrophages to produce reactive nitrogen
and oxygen intermediates, which kill the
parasite (Rocket et al., 1991; TylorRobinson & Looker, 1998). Furthermore,
high levels of TNF-α and IL-1β were
detected in the blood of malaria patients
and in the spleen of rodent malaria (Kern
et al., 1989; Jacobs et al., 1996), thus
suggesting that these cytokines are the
natural response by host immune system
against the pathogens.
The current live vaccine against
tuberculosis, Mycobacterium bovis Bacille
Calmette Guèrin (BCG), has excellent
immunoadjuvant properties and can be
ingested as well as presented to T cells by
professional antigen presenting cells
(APCs), such as macrophages. Thus, BCG
has been used for years as a live vector for
the development of recombinant vaccines
for various diseases, including for malaria
(Britton & Palendira, 2003).
Previously, we had constructed a
recombinant BCG (rBCG) vaccine
expressing the MSP1-C of P. falciparum. A
study conducted in mice showed that the
vaccine candidate is capable of inducing
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appropriate humoral and cellular immune
responses. However, the effects of the
construct on innate immune response have
not been determined. In this study, the
ability of the candidate vaccine to promote
phagocytic activity of macrophages and to
stimulate the production of inflammatory
cytokines such as IL-12, TNF-α and IL-1β
were determined.

The bacteria were then transferred to 7H9
broth supplemented with OADC and 15 µg/
ml kanamycin or without kanamycin for 1
week. For co-culture with macrophages, 10
ml of the BCG/rBCG cultures were
centrifuged at 1500 x g for 10 minutes. The
supernatant was then removed and the
pellet was resuspended in 1 ml DMEM.
Preparation of murine macrophage cell
line J774A.1
The J774A.1 mouse macrophage cell line
(ATCC, USA) was cultured in DMEM
(Sigma, USA) supplemented with 50 µg/ml
gentamycin, and 10% fetal bovine serum
(Sigma, USA). The cells were grown at 37ºC
and 5% CO2 in a humidified incubator.

MATERIAL AND METHODS
Construction of rBCG vaccine
expressing the MSP-1C of P.
falciparum
An rBCG vaccine expressing the MSP-1C
of P. falciparum was constructed
synthetically using assembly PCR
(Norazmi et al., 1999). Briefly, the
oligonucleotides coding for the composite
DNA fragment were mixed at 250 µM each.
One microlitre of this mixture was diluted
to a final concentration of 2.5 µM as a
working solution, and 2.5 µl of the solution
was used for the first PCR for gene
assembly using the following conditions:
denaturation at 95ºC for 1 minute, followed
by 55 cycles at 95ºC for 1 minute, 55ºC for
1 minute, 72ºC for 1 minute and a final
incubation cycle at 72ºC for 10 minutes.
A second PCR was then performed
using the following primers: sense 5’CGGCTAGCATGAACATCAGCCAGCACCAG3’ and antisense 5’-GCTAGCCCTAGGTCAG
TTCGACGACGAGCAGAA-3’ to amplify the
target fragment formed after the first PCR,
using the following conditions: denaturation
at 95ºC for 1 min, followed by 30 cycles at
95ºC for 1 minute, 60ºC for 1 minute, 72ºC
for 1 minute and a final incubation cycle at
72ºC for 10 minutes. The 314 bp PCR
product was then cloned into the shuttle
vector pNMN013. The shuttle plasmid was
transformed into BCG by electroporation.

Infection of murine macrophage cell
line J774A.1 with BCG and rBCG
Macrophages (1 x 10 6 cells/ml) were
incubated with 2 x 107 cfu/ml BCG or rBCG
in DMEM supplemented with 50 µg/ml
gentamycin, and 10% fetal bovine serum.
The cells were incubated for 1 day, 3 days
and 5 days in a humidified 5% CO 2
incubator.
Phagocytic assay
For phagocytic analysis, the treated cells
were centrifuged at 1000 x g for 5 min. The
pellet was resuspended in 1 ml PBS. Ten µl
of cell suspension was layered on a slide
and the slide was stained with Acid Fast
Bacilli (AFB) (Sigma, USA). The slide was
examined microscopically and the number
of phagocytosed mycobacterium was
enumerated. The phagocytic index (PI) was
calculated as the number of ingested BCG
or rBCG per macrophage (Gopinath et al.,
2006).
Cytokine assay by ELISA
The pro-inflammatory cytokines, IL-12,
TNF-α and IL-1β were determined in
culture supernatants of BCG- and rBCGstimulated macrophages at day 1, day 3
and day 5 using the ELISA Quantikine
mouse IL-12, TNF-α and IL-1β kits (R&D
Systems, USA) according to the
manufacturer’s instructions. Basically, 1 x
106 cells/ml macrophages were incubated

Preparation of rBCG culture
Mycobacterium bovis BCG (Japan) and
rBCG (Japan) were cultured in 7H11
supplemented with OADC and 15 µg/ml
kanamycin for rBCG or without kanamycin
for BCG and incubated at 37ºC for 2 weeks.
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with 2 x 107 cfu/ml BCG or rBCG in DMEM
supplemented with 50 µg/ml gentamycin,
and 10% fetal bovine serum for 1 day, 3 days
and 5 days in a humidified 5% CO 2
incubator. 50 µl of the supernatants were
incubated in a 96-well microtiter plate
(Nunc, Germany) for 2 hours at room
temperature. The plate was then washed
five times with 400 µl of washing buffer.
After washing, 100 µl of mouse IL-12,
TNF-α or IL-1β was added to each well and
incubated for 2 hours at room temperature.
After incubation, the plate was then washed
five times with 400 µl of washing buffer
before 100 µl of substrate solution was
added and the plate was incubated for 30
minutes at room temperature. The reaction
was stopped after 30 minutes with stop
solution and the optical density (OD) was
determined with a microplate reader
(Bio-Rad, USA) at 450 nm. Untreated
macrophages were used as a control. All
cytokine concentrations (in pg/ml) were
determined by comparison with the
standard curve.

Statistical analysis
All experiments were carried out in
triplicate and repeated three times. Data
were represented as the arithmetic mean
± standard error mean (S.E.M). Comparison
between BCG and rBCG groups was
analysed using Student’s t-test. The
accepted level of significance was P < 0.05.

RESULTS
Phagocytic uptake of BCG and rBCG by
macrophages
To determine whether incubation time of
BCG or rBCG influenced the phagocytic
activity of macrophages, the phagocytic
capacity of these cells were investigated
for 5 days. The phagocytic capacity of
BCG- and rBCG-stimulated macrophages
increased markedly from day 1 to day 5
post-infection (Figure 1). However, the
mean phagocytic index (PI) of cells
stimulated with rBCG was statistically

Figure 1. Phagocytic Index (PI) of macrophages stimulated with 2 X 107
cfu/ml of BCG (–  –) and rBCG (–S–) at different days. Data are
expressed as mean ± S.E.M. Student’s t-test was used to determined
differences between BCG and rBCG treatments (* P < 0.05)

464

significantly higher (P < 0.05) compared to
parent BCG vector at all incubation times.

macrophages in response to both BCG and
rBCG, but the levels and patterns of
cytokine production differ in these cells.
However, substantial levels of IL-12 were
not detectable up to 5 days post-infection
in macrophages stimulated with either BCG
or rBCG (data not shown).
The concentration of TNF-α secreted
by macrophages treated with rBCG was
significantly higher than those treated with

Pro-inflammatory cytokines
production by BCG- and rBCGstimulated macrophages
The expression of inflammatory cytokines,
IL-12, TNF-α and IL-1β were also studied
over a period of 5 days. Figure 2 shows
that TNF-α and IL-1β are produced by

Figure 2. Expression of (A) TNF-α (B) IL-1β in macrophages stimulated with
2 X 107 cfu/ml of BCG (––) and rBCG (–S–) at different days as detected by
ELISA. Data are from a single experiment performed in triplicate and
expressed as mean ± S.E.M. Student’s t-test was used to determined
differences between BCG and rBCG treatments (* P < 0.05)
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the parent BCG vector (P < 0.05) (Figure
2A). The pattern of TNF-α secretion in
rBCG exposed macrophages increased
from day 1 (1780 ± 81.6 pg/ml) to day 3
(1927.7 ± 54.2 pg/ml) but decreased rapidly
at day 5 post-infection to 1315.1 ± 60.3 pg/
ml. In the control BCG vector-stimulated
macrophages, the levels of TNF-α
secretion decreased persistently from day
1 to day 5 post-infection.
Levels of IL-1β were significantly
higher in macrophages stimulated with
rBCG compared to BCG controls (Figure
2B). However, the levels of this cytokine
decreased from day 1 (273.6 ± 15.7 pg/ml)
to day 3 (226.75 ± 23.5 pg/ml), which was
followed by a rapid increase to 337.8 ± 21.3
pg/ml at day 5 post-infection. In contrast,
IL-1β secretion consistently decreased in
cells stimulated with parent BCG vector
from day 1 to day 5 post-infection.

times, particularly longer than 4 days.
However, further study is needed to
distinguish whether the activated
macrophage does not secrete this cytokine,
or if secretion occurs after 5 days of
incubation. Interestingly, the rBCGstimulated macrophages produced
significant quantities of TNF-α and IL-1β
and induced more phagocytic activity to
the cells compared to those stimulated by
BCG. Our preliminary data suggested that
the effect of the rBCG observed in the
present study appeared to be associated
with NO production. Thus, these findings
revealed the promising possibility of
parasite clearance by the rBCG-induced
macrophage during malaria infection.
BCG in the absence of MSP-1C was
also ingested by the macrophages. This
might be due to the structure of the
lipoarabinomannan in BCG. This protein
was suggested to be a potential ligand
for the macrophage mannose receptor
(Prinzis et al., 1993). Moreover, BCG is
also capable of being ingested by
macrophages through various macrophage
cell surface receptors such as Fc receptors
(FcR), complement receptors (CR) and
phagocytic pattern recognition receptors
(PRR). In the cell, they are either killed by
macrophage-derived products, such as
nitric oxide, or survive and replicate.
Interestingly, when the MSP-1C was cloned
into the BCG to produce rBCG, its capacity
to induce phagocytosis and production of
inflammatory cytokines in stimulated
macrophages increased. However, the
mechanism by which the presence of MSP1C in BCG renders rBCG capable of
increasing macrophage activation is
unknown. One possibility is that the MSP1C might present on the surface of the BCG
and introduce more ligand recognition sites
on the macrophage surface, thus inducing
more efficient phagocytosis than the parent
BCG strain. However, further study is
required to understand the actual
mechanism underlying this phenomenon.
In summary, the preliminary findings
shown here demonstrate that our rBCG
construct expressing the MSP-1C of P.
falciparum is capable of stimulating

DISCUSSION
Macrophages are important in innate
immunity during the blood-stage of malaria
parasite infection due to their ability to
phagocytose infected erythrocytes
(Serghides et al., 2003) as well as the
production of inflammatory cytokines such
as IL-12, TNF-α and IL-1β (Sam &
Stevenson, 1999). Activated macrophages
can also function as antigen-presenting
cells by expressing co-stimulatory
molecules such as CD80 and CD86, which
are important in the activation of T cells
(Lee et al., 2007). This indicates that,
macrophage activation participates in both
the innate and adaptive immune responses.
In the present study, both BCG and
rBCG exhibited the ability to enhance the
phagocytic activity of the macrophage as
well as the production of TNF-α and IL-1β
that has been suggested to be involved in
controlling parasite growth in malaria
infection. However, the secretion of IL-12
was not detectable in either BCG or rBCGstimulated macrophages up to 5 days post
infection. According to Sam & Stevenson
(1999), the secretion of IL-12 by
macrophage requires longer incubation
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significant immunomodulatory effects on
the activity of macrophages. These findings
may reflect the capacity of our candidate
vaccine to influence the ongoing immune
response against the parasites.

Elliott, S.R. & Beeson, J.G. (2008).
Estimating the burden of global
mortality in children aged <5 years by
pathogen-specific causes. Clinical
Infectious Disease 46: 1794–1795.
Ferreira, M.U. & Hartl, D.L. (2007).
Plasmodium falciparum: Worldwide
sequence diversity and evolution of
the malaria vaccine candidate
merozoite surface protein-2 (MSP-2).
Experimental Parasitology 115: 32–
40.
Genton, B., Al-Yaman, F., Betuela, I., Anders,
R.F., Saul, A., Baea, K., Mellombo, M.,
Taraika, J., Brow, G.V., Pye, D., Irving,
D.O., Felger, I., Beck, H.P., Smith, T.A.
& Alpers, M.P. (2003). Safety and
immunogenicity of a three-component
blood-stage malaria vaccine (MSP1,
MSP2, RESA) against Plasmodium
falciparum in Papua New Guinean
children. Vaccine 22: 30–41.
Gopinath, V.K., Musa, M., Samsudin, A.R.,
Lalitha, P. & Sosroseno, W. (2006). Role
of nitric oxide in hydroxyapati-induced
phagocytosis by murine macrophage
cell line (RAW264.7). Archives of Oral
Biology 51: 339–344.
Guerra, C.A., Gikandi, P.W., Tatem, A.J.,
Noor, A.M., Smith, D.L., Hay, S.I. & Snow,
R.W. (2008). The limits and intensity of
Plasmodium falciparum transmission:
Implications for malaria control and
elimination worldwide . PLoS Medicine
5(2): e38.
Hall, N., Karras, M., Raine, J.D., Carlton,
J.M., Kooij, T.W., Berriman, M., Florens,
L.,
Janssen,
C.S.,
Pain,
A.,
Christophides, G.K., James, K.,
Rutherford, K., Harris, B., Harris, D.,
Churcher, C., Quail, M.A., Ormond, D.,
Doggett, J., Trueman, H.E., Mendoza, J.,
Bidwell, S.L., Rajandream, M.A.,
Carucci, D.J., Yates, J.R,3rd, Kafatos,
F.C., Janse, C.J., Barrell, B., Turner,
C.M., Waters, A.P. & Sinden, R.E. (2005).
A comprehensive survey of the
Plasmodium life cycle by genomic,
transcriptomic,
and
proteomic
analyses. Science 307: 82–86.

Acknowledgement. The research was
supported by the Fundamental Research
Grant Scheme (FRGS) No. 203/PPSK/
6171119 and by the Malaysian Institute of
Pharmaceuticals
and Nutraceuticals
Special Initiative Grant [No. 304/PPSK/
6150077.I121].

REFERENCES
Alonso, P.L., Sacarlal, J., Aponte, J.J., Leach,
A., Macete, E., Aide, P., Sigauque, B.,
Milman, J., Mandomand, I., Bassat, Q.,
Guinovart, C., Espasa, M., Corachan, S.,
Lievens, M., Navia, M.M., Dubois, M.C.,
Menendez, C., Dubovsky, F., Cohen, J.,
Thompson, R. & Ballou, W.R. (2005).
Duration of protection with RTS,S/
AS02A malaria vaccine in prevention of
Plasmodium falciparum disease in
Mozambican children: single-blind
extended follow-up of a randomised
controlled trial. Lancet 366(9502):
2012–2018.
Angulo, I. & Fresno, M. (2002). Cytokines
in the pathogenesis of and protection
against malaria. Clinical and
Diagnostic Laboratory Immunology
9(6): 1145–1152.
Blackman, M.J., Heidrich, H.G., Donachie,
S., McBride, J.S. & Holder, A.A. (1990).
A single fragment of a malaria
merozoite surface protein remains on
the parasite during red cell invasion
and is the target of invasion-inhibiting
antibodies. Journal of Experimental
Medicine 172: 379–382.
Bogdan, C. (2001). Nitric oxide and the
immune response. Nature Immunology 2: 907–916.
Britton, W.J. & Palendira, U. (2003).
Improving vaccine against tuberculosis. Immunology and Cell Biology
81: 34–45.

467

Harris, P.K., Yeoh, S., Dluzewski, A.R.,
O’Donnell, R.A., Withers-Martinez, C.,
Hackett, F., Bannister, L.H., Mitchell,
G.H. & Blackman, M.J. (2005).
Molecular identification of a malaria
merozoite surface sheddase. PLoS
Pathogens 1(3): e29.
Hirunpetcharat, C., Tian, J.H., Kaslow, D.C.,
van Rooijen, N., Kumar, S., Berzofsky,
J.A., Miller, L.H. & Good. M.F. (1997).
Complete protective immunity induced
in mice by immunization with the 19kilodalton carboxyl-terminal fragment
of the merozoite surface protein-1
(MSP1[19]) of Plasmodium yoelii
expressed in Saccharomyces cerevisiae:
correlation of protection with antigenspecific antibody titer, but not with
effector CD4+ T cells. The Journal of
Immunology 159: 3400–3411.
Hoffman, S.L., Crutcher, J.M., Puri, S.K.,
Ansari, A.A., Villinger, F., Franke, E.D.,
Singh, P.P., Finkelman, F., Gately, M.K.,
Dutta, G.P. & Sedegah, M. (1997). Sterile
protection of monkeys against malaria
after administration of interleukin-12.
Nature Medicine 3(1): 80–83.
Jacobs, P., Radzioch, D. & Stevenson, M.M.
(1996). A Th1-associated increase in
tumor necrosis factor alpha expression
in the spleen correlates with resistance
to blood-stage malaria in mice.
Infection and Immunity 64: 535–541.
John, C.C., O’Donnell, R.A., Sumba, P.O.,
Moormann, A.M., de Koning-Ward, T.F.,
King, C.L., Kazura, J.W. & Crabb, B.S.
(2004). Evidence that invasioninhibitory antibodies specific for the 19kDa fragment of merozoite surface
protein-1 (MSP-1 19 ) can play a
protective role against blood-stage
Plasmodium falciparum infection in
individuals in a malaria endemic area
of Africa. Journal of Immunology 173:
666–672.

Kern, P., Hemmer, C.J., Van Damme, J.,
Gruss, H.J. & Dietrich, M. (1989).
Elevated tumor necrosis factor alpha
and interleukin-6 serum levels as
markers for complicated Plasmodium
falciparum malaria. American
Journal of Medicine 87: 139–143.
King, C.L., Malhotra, I., Wamachi, A., Kioko,
J., Mungai, P., Abdel Wahab, S., Davy
Koech, D., Zimmerman, P., Ouma, J. &
Kazura, W. J. (2002). Acquired immune
responses to Plasmodium falciparum
merozoite surface protein-1 in the
human fetus. The Journal of Immunology 168(1): 356–364.
Lee, J.Y., Kim, J.Y., Lee, Y.G., Byeon, S.E.,
Kim, B.H., Rhee, M.H., Lee, A., Kwon, M.,
Hong, S. & Cho, J.Y. (2007). In vitro
immunoregulatory effects of Korean
mistletoe lectin on functional
activation
of
monocytic
and
macrophage-like cells. Biological
Pharmaceutical Bulletin 30(11): 2043–
2051.
Mshana, R.N., Boulandi, J., Mshana, N.M.,
Mayombo, J. & Mendome, G. (1991).
Cytokines in the pathogenesis of
malaria: Levels of IL-1, IL-4, IL-6, TNFα, and IFN-γ in plasma of healthy
individuals and malaria patients in a
holoendemic area. Journal of Clinical
and Laboratory Immunology 34: 131–
139.
Norazmi, M.N., Zainuddin, Z.F., Suppian, R.
& Dale, J.W. (1999). The use of
assembly polymerase chain reaction
for cloning of a malarial epitope into
Mycobacterium
smegmatis
–
importance of overcoming codon bias.
Biotechnology Techniques 13: 485–489.
O’Donnell, R.A., Saul, A., Cowman, A. &
Crabb, B.S. (2000). Functional
conservation of the malaria vaccine
antigen MSP-1 19 across distantly
related Plasmodium species. Nature
Medicine 6: 91–95.

468

O’Donnell, R.A., de Koning-Ward, T.F., Burt,
R.A., Bockarie, M., Reeder, J.C.,
Cowman, A.F. & Crabb, B.S. (2001).
Antibodies against merozoite surface
protein (MSP)-1(19) are a major
component of the invasion-inhibitory
response in individuals immune to
malaria. Journal of Experimental
Medicine 193(12): 1403–1412.
Perera, K.L., Handunnetti, S.M., Holm, I.,
Longacre, S. & Mendis, K. (1998).
Baculovirus merozoite surface protein
1 C-terminal recombinant antigens are
highly protective in a natural primate
model for human Plasmodium vivax
malaria. Infection and Immunity 66:
1500–1506.
Prinzis, S., Chatterjee, D. & Brennan, P.J.
(1993). Structure and antigenicity of
lipoarabinomannan from Mycobacterium bovis BCG. Journal of
General Microbiology 139: 2649–2658.
Rocket, K.A., Awburn, M.M., Cowden, W.B.
& Clark, I.A. (1991). Killing of
Plasmodium falciparum in vitro by
nitric oxide derivatives. Infection and
Immunity 59: 3280–3283.
Sacarlal, J., Aponte, J.J., Aide, P.,
Mandomando, I., Bassat, Q., Guinovart,
C., Leach, A., Milman, J., Macete, E.,
Espasa, M., Ofori-Anyinam, O.,
Thonnard, J., Corachan, S., Dubois,
M.C., Lievens, M., Dubovsky, F., Ballou,
W.R., Cohen, J. & Alonso, P.L. (2008).
Safety of the RTS,S/AS02A malaria
vaccine in Mozambican children during
a Phase IIb trial. Vaccine 26(2): 174–84.
Sam, H. & Stevenson, M.M. (1999). Early IL12 p70, but not p40, production by
splenic macrophages correlates with
host resistance to blood-stage
Plasmodium chabaudi AS malaria.
Clinical
and
Experimental
Immunology 117(2): 343–349.

Sedegah, M., Finkelman, F. & Hoffman, S.L.
(1994). Interleukin 12 induction of
interferon gamma-dependent protection
against malaria. Proceeding of the
National Academy of Sciences of the
United State of America 91: 10700–
10702.
Serghides, I., Smith, T.G., Patel, S.N. & Kain,
K.C. (2003). CD36 and malaria: friends
or foes? Trends in Parasitology 19:
461–469.
Stevenson, M.M. & Riely, E.M. (2004). Innate
immunity to malaria. Nature Reviews
Immunology 4: 169–180.
Stevenson, M.M., Tam, M.F., Wolf, S.F.
& Sher, A. (1995). IL-12-induced
protection
against
blood-stage
Plasmodium chabaudi AS requires
IFN-γ and TNF-α and occurs via a nitric
oxide-dependent mechanism. The
Journal of Immunology 155: 2545–
2556.
Taylor-Robinson, A.W. & Looker, M. (1998).
Sensitivity of malaria parasites to nitric
oxide at low oxygen tensions. The
Lancet 351: 1630–1630.
Wan Omar, A., Roslaini, A.M., Ngah, Z.U.,
Azahari, A.A., Zahedi, M. & Baharudin,
O. (2007). A recombinant 19-kDa
Plasmodium berghei merozoite
surface protein 1 formulated with alum
induces protective immune response in
mice. Tropical Biomedicine 24(1):
119–126.
Wipasa, J., Elliott, S., Xu, H. & Good, M.F.
(2002). Immunity to asexual blood
stage malaria and vaccine approches.
Immunology and Cell Biology 80:
401–441.
Yazdani, S.S., Mukherjee, P., Chauhan, V.S.
& Chitnis, C.E. (2006). Immune
responses to asexual blood-stages of
malaria parasites. Current Molecular
Medicine 6: 187–203.

469

