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Variation in the relationship between anti-MSP-119 antibody
response and age in children infected with Plasmodium
falciparum during the dry and rainy seasons
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Malaria remains a major parasitic disease in Africa, with 300–500 million new infections each year. There is therefore an urgent
need for the development of new effective measures, including vaccines. Plasmodium falciparum merozoite surface protein-119
(MSP-119 ) is a prime candidate for a blood-stage malaria vaccine. Blood samples were collected from children aged 10 days
to 15 years in the months of January–March (N = 351) and October–November (N = 369) corresponding to the dry and rainy
seasons, respectively. P. falciparum infection was determined by microscopy and enzyme linked immunosorbent assay (ELISA)
was used to determine the total IgG and IgG subclasses. There was a significant increase in the mean anti-MSP-119 antibody
titre in the dry season (p < 0.05), compared to the rainy season. A significantly positive correlation between the anti-MSP-119
antibody titre and parasite density (p < 0.01, r = 0.138) was observed. In the rainy season, unlike in the dry season, P. falciparum
positive children had higher anti-MSP-119 antibody titres than P. falciparum negative children and this difference was significant
(p < 0.05). When all individuals were grouped together, the anti-MSP-119 antibody titre increased with age in both seasons
(r = 0.186 and 0.002), this increase was more apparent in the dry season. However, when the study population was divided into
P. falciparum positive and negative groups, it was observed that in the rainy season, there was a negative correlation between
anti-MSP-119 titre and age in P. falciparum positive individuals, while those who were P. falciparum negative had a positive
correlation between anti-MSP-119 titre and age. Analysis of anti-MSP-119 IgG subclass showed that IgG1 and IgG3 mean titres
were highest in both the dry and rainy seasons with an increase in the mean antibody titres for IgG1, IgG2 and IgG3 in the rainy
season. In the dry season there was a positive correlation between IgG1, IgG2, and IgG3 titres with age, while IgG4 was negative,
whereas in the rainy season there was a positive correlation between IgG2 and IgG4 (non-cytophilic antibodies) with age and
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a negative correlation for IgG1 and IgG3 (cytophilic antibodies) with age. Seasonal differences in the level of MSP-119 IgG
subclass titres were observed for P. falciparum negative and positive individuals. Only samples, which were positive for IgG2 and
IgG4, showed positive correlation between parasitemia and total IgG. The incidence of P. falciparum infection, which increases
during the rainy season, might be an important determinant of anti-MSP-119 antibody levels in children living in Igbo-Ora and
the results point to the fact that non-cytophilic antibodies to MSP-119 in children might be associated with an increase in total
IgG and parasitemia.
© 2005 Elsevier B.V. All rights reserved.
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MSP-119 has been shown to be a target of protective
immunity and is a leading vaccine candidate currently
under development. Some MSP-119 specific monoclonal antibodies that inhibit merozoite invasion also
inhibit the secondary processing of MSP-1 (Blackman
et al., 1994) and this is proposed to be the basis of
their protective mechanism. Processing inhibitory antibodies have also been reported to occur in individuals
naturally exposed to malaria (Nwuba et al., 2002). In
humans it has been shown that antibodies against MSP119 comprise a large component of the total invasion
inhibitory response in Plasmodium falciparum infected
individuals (Wipasa et al., 2002).
The prevalence and concentration of antibodies to
both the C- and N-terminal regions of MSP-1 have
been shown to increase with age (Al-Yaman et al.,
1996; Egan et al., 1995, 1996). The levels of IgG
antibodies against the MSP-1 C-terminal region can
serve as a good surrogate measure of protective immunity; there is a negative correlation between antibody
levels and clinical malaria (Al-Yaman et al., 1996).
A study showed that 96.2% of mothers and 80.2%
of their infants had MSP-119 specific antibodies, and
there was a lower risk of developing clinical malaria
during the first year of life in infants with high levels of anti-MSP-119 antibodies at birth, with the level
of specific anti-MSP-119 antibodies being correlated
with protection (Hogh et al., 1995). This was corroborated by Branch et al. (1998) who associated the
protection against parasitemia and febrile illness with
anti-MSP-119 antibodies. However some authors could
not show a relation between the prevalence of antibodies against MSP-1 with the reduction in clinical
malaria (Shi et al., 1996; Dodoo et al., 1999). In areas
that are endemic for malaria, antibodies of cytophilic

IgG1 or IgG3 isotype are associated with lower parasitemia or lower risk of malaria attack (Taylor et al.,
1995). In contrast antibodies of IgG4 isotype display a
blocking function in this system (Perlman and Bjorkman, 2000). It has been suggested that the IgG1 and
IgG3 to IgG2 and IgG4 ratio might be important to
asexual stages of P. falciparum. Tebo et al. (2001)
described how IgG3 might play a role in controlling
parasitemia via an antibody dependent cellular immunity (ADCI) mechanism involving monocyte-derived
mediators.
Ferreira et al. (1998) showed that the overall properties of IgG subclass to MSP-1 were cytophilic, and the
concentration of each IgG-subclass to P. falciparum
correlated positively with age. Protection against the
asexual stage of malaria seems to rely largely on specific IgG1 and IgG3 antibodies (Diallo et al., 2001).
The study by Cavanaugh et al. (2001) presented results
that showed strikingly distinct subclass preferences of
antibody responses to two different regions of MSP-1.
Seven of the individuals studied consistently produced
IgG3 to block 2 and equally consistently, IgG1 to MSP119 in response to their clinical malaria infections, this
result is consistent with that of Jouin et al. (2001) who
showed that anti-block 2 antibodies were mostly of the
IgG3 isotype, and Egan et al. (1995) who showed that
MSP-119 appears to induce predominantly IgG1 antibodies. Unlike other asexual blood stage antigens MSP119 seems to elicit a restricted set of antibody responses
in immune populations with elevated IgG1/IgG3 and
little if any IgG2 and IgG4 (Diallo et al., 2001). Here
we determined the factors (total IgG, IgG subtype,
parasitemia and seasonal variations) important in the
immune response against MSP-119 of P. falciparum
a leading malaria vaccine candidate in children living
in Igbo-Ora, southwestern Nigeria, a malaria endemic
region.
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1. Introduction
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2.1. MSP-119 antigen
Wild type MSP-119 recombinant proteins were
obtained from Dr. Tony Holder, National institute for
Medical Research (NIMR), Mill Hill, London, UK.
2.2. Study area
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tubes containing the blood was then stored in ice, and
then transported to the Cellular Parasitology Laboratory in Ibadan within 3 h, where it was the centrifuged
at 8000 rpm for 2 min in a Biofuge table top centrifuge
(Hereaus instruments, Kendro Lab product GmbH,
Lagenselbold, Germany). The plasma obtained from
it was stored at −80 ◦ C (Forma Scientific, Marietta,
OH, USA).

2. Materials and methods
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Blood was spotted on the slide and thick and thin
films were prepared. The slides were labelled, allowed
to dry, stored in a slide rack and transported to Ibadan.
The thick film was then stained in 10% Giemsa solution
(pH 7.2 buffered distilled water) in a Wheaton staining
jar for 20 min and then allowed to dry. The thin film was
first fixed in methanol before being immersed in 10%
Giemsa solution for 20 min. The parasites were counted
with a microscope (Leitz Laborux-11, Germany) using
the thick film on the basis of number of parasites per
200 white blood cells; this was converted to the number
of parasites per l of blood (WHO, 1985).
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Igbo-Ora and Idere towns in Ibarapa local government area of Oyo state in southwestern Nigeria were
chosen as the study site. Igbo-Ora lies in savannah
country, which is heavily cultivated with numerous
small streams. Three rivers, River Opeki, River Ofiki
and River Ayin pass through this area. Anopheles gambiae and A. funestus are the mosquito species found in
this area (Lawrence, 1965). Igbo-Ora is about 100 km
from Ibadan, the state capital; the majority of the population is Yoruba. The climate consists of a warm dry
season (November–March) and a cooler rainy season
(April–October). The main occupation of the men is
farming and hunting while the women are peasant farmers and retail traders (Achidi et al., 1996).
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2.3. Study design
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The cross-sectional survey was carried out during
the dry season (January–March) and at the end of the
rainy season (October–November). The study protocol was reviewed and approved by the Joint Ethical
Committee of the College of Medicine and the University College Hospital, Ibadan. The subjects of the
study included infants and children from 10 days to 15
years. Three hundred and fifty-one and 369 individuals
were enrolled in the dry and rainy seasons, respectively.
Criteria for inclusion into the survey included the age,
sex, length of time spent in the study site and informed
consent.
2.4. Blood collection
Blood (1–2 ml) was collected by venipuncture from
the arm by qualified medical doctors. For children
less than 1-year-old blood was withdrawn from the
femoral vein and finger pricking where necessary. The
blood was then stored in sample tubes with 0.12 M
trisodium citrate in them and properly labelled, the

2.6. Determination of anti-MSP-119 total IgG by
ELISA

The serum samples from 351 subjects (dry season)
and 369 (rainy season) were analyzed by ELISA for
antibodies to MSP-119 . Ninety-six-well plates (Immulon 4; Dynatech Labs, Chantilly, VA) were coated with
100 l MSP-119 (0.5 g of MSP-119 /ml of sodium carbonate buffer) and incubated overnight at 4 ◦ C. The
plates were washed three times with 0.05% Tween20 in phosphate buffered saline (PBS-Tween-20) and
blocked with 5% bovine serum albumin (BSA) for
1 h at 37 ◦ C. Washing was repeated (three times with
PBS-Tween-20) and serum samples (1:50) were added
to the first row of wells and then diluted serially
to 1:6400 for the last row of wells in PBS containing 1% BSA at a working volume of 100 l. The
plates were incubated for 1 h at 37 ◦ C in an incubator (Forma Scientific, Marietta, OH, USA) followed by washing (three times with PBS-Tween-20).
Horseradish peroxidase-conjugated goat anti-human
IgG 1:1000 (Kierkegaard and Perry) in 1% BSA was
added and the plates incubated at 37 ◦ C, for 2 h. The
plates were washed (three times with PBS-Tween-
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2.7. Determination of anti-MSP-119 IgG subtypes
by ELISA

which were then incubated for 1 h at 37 ◦ C. The plates
were finally washed three times with PBS-Tween-20. A
50 l of 2,2 -azino-di(3-ethyl-benzthiazoline sulfonate
(ABTS) substrate/H2 O2 (Kierkegaard and Perry) was
added to the plates and the colour allowed to develop at
37 ◦ C in the incubator (Forma Scientific, Marietta, OH,
USA) for 30 min. The absorbance was read at 650 nm
with a microplate reader (Molecular Devices, Menlo
Park, CA, USA) without stopping the reaction. Negative serum samples were obtained from the study sites.
The cut-off was determined using mean (average) + 2
S.D. of the optical density (OD) of [ID 77 and ID 53].
The total IgG subtype ELISA was included as a control. Flat bottom polyvinyl chloride plates (Corning
Incorporated-Life Sciences, MA, USA) were coated
with 50 l/well of IgG subtype monoclonal diluted in
carbonate buffer (1:400 for anti-IgG1, anti-IgG2 and
anti-IgG4 and 1:800 for anti-IgG3) and incubated for
18 h at 4 ◦ C. The monoclonal antibodies were poured
off and the plates blocked with 150 l of 5% bovine
serum albumin (BSA) for 1 h at 37 ◦ C. The plates
were washed three times with PBS-Tween-20. Sera
diluted 1:50 in 1% BSA was added to the plates that
were then incubated for 1 h at 37 ◦ C in an incubator (Forma Scientific, Marietta, OH, USA). The plates
were washed three times with PBS-Tween-20 and 50 l
of 1:2000 dilution of goat anti-human peroxidase conjugate (Fab)2 ; (Dako), was added to the plates which
were then incubated for 1 h at 37 ◦ C. The plates were
then finally washed three times with PBS-Tween-20. A
50 l 2,2 -azino-di(3-ethyl-benzthiazoline sulfonate)
(ABTS) substrate/H2 O2 (Kierkegaard and Perry) was
added to the plates and the colour allowed to develop
at 37 ◦ C for 30 min in the incubator (Forma Scientific, Marietta, OH, USA). The absorbance was read at
650 nm with a microplate reader (Molecular Devices,
Menlo Park, CA, USA) without stopping the reaction.
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20) and 2,2 -azino-di(3-ethyl-benzthiazoline sulfonate
(ABTS) substrate/H2 O2 (Kierkegaard and Perry) was
diluted 1:1 and 100 l of the substrate was added to
the wells. The reaction was allowed to develop in the
dark for 30 min at 37 ◦ C and the absorbance read at
650 nm with a microplate reader (Molecular Devices,
Menlo Park, CA, USA). The assays included a reference positive sample (FA 28) from an earlier study
(Nwagwu et al., 1998) known to have a high antibody
titre against P. falciparum circumsporozoite protein
and also a high anti-MSP-119 antibody titre in this
study. Negative serum samples obtained from naı̈ve
Caucasian residents of UK were initially used as control. When the study progressed negative samples were
later obtained from the cohort (ID 77 and ID 53). The
end point titre was defined as the highest dilution that
gave an absorbance value above the highest absorbance
of the negative control. The reciprocal end titres were
log transformed and expressed as log reciprocal titres.
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MSP-119 specific IgG subtypes (1–4) were determined by ELISA to demonstrate which of the subtypes
recognised the recombinant antigen. One hundred and
twenty-six samples chosen randomly within the age
groups (77 from the dry season January–March and 49
from the rainy season October–November 1999) were
analyzed. Flat bottom 96-well polyvinyl chloride plates
(Corning Incorporated-Life Sciences, MA, USA) were
coated with 50 l of MSP-119 (1 g of MSP-119 /ml
of sodium carbonate buffer) per well and incubated
overnight at 4 ◦ C. The antigen was poured off and the
plates were then blocked with 150 l of 5% bovine
serum albumin (BSA) for 1 h at 37 ◦ C in an incubator (Forma Scientific, Marietta, OH, USA). The plates
were washed three times with PBS-Tween-20. Sera
diluted 1:50 in 1% BSA was added to the plates and
the whole incubated for 1 h at 37 ◦ C. The plates were
washed three times with PBS-Tween-20 and 50 l of
mouse anti-human monoclonal antibody diluted in 1%
BSA (anti-IgG1, anti-IgG2 and anti-IgG4, 1:400 while
anti-IgG3 1:800, Caltag) was added to the plates The
plates were washed three times with PBS-Tween-20
and 50 l of 1:1000 dilution of goat anti-mouse peroxidase conjugate (H + L) (Caltag), was added to the plates

2.8. Statistical analysis
The antibody titres were log transformed and the
results analyzed using correlation, logistic regression,
ANOVA and Student’s t-test. The levels of significance were estimated at p < 0.05 for logistic regression, ANOVA and Student’s t-test, while p < 0.01 for
correlation. The log reciprocal antibody titres were
expressed at log base 10. The software packages used
were Microsoft EXCEL and SPSS.
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Table 1
The prevalence of P. falciparum in the dry and rainy seasons

Dry season (N = 343a )
Rainy season (N = 362a )

P. falciparum
negative N (%)

P. falciparum
positive N (%)

198 (58)
189 (52)

145 (42)
173 (48)
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3. Results
The results showed that in the dry season, 42%
of the individuals studied were P. falciparum positive
while at the end of the rainy season 48% of the children were P. falciparum positive (Table 1). There was
significant increase in the anti-MSP-119 total IgG in
the dry season (p < 0.05). The mean anti-MSP-119 antibody titre was 2.57 in the dry season and 2.44 in the
rainy season. There was no significant difference in
anti-MSP-119 total IgG titres for P. falciparum positive
or negative individuals in the dry season. However in
the rainy season there was a significant difference in
the anti-MSP-119 total IgG between individuals who

were P. falciparum positive or negative, the mean antibody titre for P. falciparum positive individuals was
2.50 while the mean antibody titre for P. falciparum
negative individuals was 2.39 (p < 0.05). There was a
positive correlation between anti-MSP-119 total IgG
and age with the total IgG increasing with age in the
dry season (r = 0.186) and at the end of the rainy season
and (r = 0.002) (Figs. 1 and 2). This relationship was
significant only in the dry season. Table 2 shows the
age grouping used in this study. In the dry season the
61–120 months old group had the highest mean antiMSP-119 total IgG titre, while the children less than 12
months old had the lowest mean anti-MSP-119 total IgG
titre (Fig. 3). At the end of the rainy season, the 61–120
months old group had the highest mean anti-MSP-119
total IgG titre while 120–180 months old children had
the lowest mean anti-MSP-119 total IgG titre (Fig. 4).
Total IgG increased with parasitemia, and the relationship was significant (r = 0.138).
There was a positive correlation between anti-MSP119 total IgG and age for P. falciparum positive children in the dry season (r = 0.199) (Fig. 5). There was
however a negative correlation in the rainy season
(r = −0.083) (Fig. 7). There was positive correlation
between anti-MSP-119 total IgG and age in P. falci-

RY

The number and percentages of individuals that were P. falciparum
positive and negative during the dry and rainy seasons were shown.
a The number of individuals stated here vary from that in the text,
due to correction based on missing values.
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Fig. 1. Correlation between anti-MSP-119 total IgG and age in the dry season. Scatter diagram showing the relationship between age and
anti-MSP-119 IgG antibody titre for children in the dry season. Antibody titre is expressed as log reciprocal antibody titre, while age is in
months.
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Fig. 2. Correlation between anti-MSP-119 total IgG and age at the end of the rainy season. Scatter diagram showing the relationship between
age and anti-MSP-119 IgG antibody titre for children at the end of the rainy season. Antibody titre is expressed as log reciprocal antibody titre,
while age is in months.
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Number of samples

UN

Total IgG
<12
12–60
61–120
120–180
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Table 2
Age grouping of children
Age group

IgG subtypes
<12
12–60
61–120
120–180

falciparum positive individuals. Results from the IgG
subtype assay showed that 84%, 66%, 84% and 56%
of the subjects were positive for anti-MSP-119 IgG1,
IgG2, IgG3 and IgG4 in the dry season, while in the
rainy season 87%, 74%, 98% and 46% of the subjects
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parum negative individuals in the dry season (r = 0.200)
(Fig. 6) and rainy season (r = 0.165) (Fig. 8). The influence of anti-MSP-119 IgG, age and sex on malaria
was analyzed using regression analysis. The regression
showed that age was important in predicting P. falciparum positive individuals in the dry season; whereas,
in the rainy season it was not important in predicting P.

Dry season

Rainy season

58
36
165
86

47
113
130
74

14
20
20
23

11
19
13
4

The age group distribution of individuals who were analyzed for
anti-MSP-119 antibodies were shown.

Fig. 3. Mean anti-MSP-119 total IgG and age in the dry season.
Histogram showing the relationship between age and anti-MSP-119
IgG titre for children in the dry season. The mean anti-MSP-119 IgG
titre was determined for each age group. Antibody titre is expressed
as log reciprocal antibody titre, while age is in months. The numbers
on the bars represent number of individuals for each age group.
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were positive for anti-MSP-119 IgG1, IgG2, IgG3 and
IgG4 (Fig. 9). IgG1 and IgG3 had the highest mean antibody titres in the dry season and at the end of the rainy
season. There was an increase in mean antibody titres
for IgG1, IgG2 and IgG3 at the end of the rainy season.
This increase was only significant for anti-MSP-119
IgG3 (p < 0.05). IgG4 had the lowest mean titres in
both seasons (Fig. 9).
In the dry season, there was a positive correlation between IgG1, IgG2 and IgG3 and age (r = 0.137,
0.243 and 0.420, respectively) while there was a negative correlation between IgG4 and age (r = −0.009)
(Fig. 10). At the end of the rainy season there was positive correlation between IgG2 (r = 0.202) and IgG4
(r = 0.332) with age, while there was a negative correlation between IgG1 (r = −0.165) and IgG3 (r = −0.06)
with age (Fig. 11).
The mean IgG1 and IgG3 titres for P. falciparum
negative individuals were higher than those of P. falciparum positive individuals in the dry season. Also
the mean IgG2 and IgG4 titres for P. falciparum positive individuals were higher than those of P. falciparum
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Fig. 4. Mean anti-MSP-119 total IgG and age at the end of the rainy
season. Histogram showing the relationship between age and antiMSP-119 IgG titre for children in the dry season. The mean anti-MSP119 IgG titre was determined for each age group. Antibody titre is
expressed as log reciprocal antibody titre, while age is in months.
The numbers on the bars represent number of individuals for each
age group.

Fig. 5. Correlation between anti-MSP-119 IgG and age for samples positive for P. falciparum parasites in the dry season. Scatter diagram showing
the relationship between age and anti-MSP-119 IgG antibody titre for children whose giemsa stained blood smears were P. falciparum positive.
Antibody titre is expressed as log reciprocal antibody titre, while age is in months.
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Fig. 6. Correlation between anti-MSP-119 IgG and age for samples negative for P. falciparum in the dry season. Scatter diagram showing the
relationship between age and anti-MSP-119 IgG antibody titre for children whose giemsa stained blood smears were P. falciparum negative.
Antibody titre is expressed as log reciprocal antibody titre, while age is in months.
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negative individuals (Fig. 12). There was a significant
difference in the anti-MSP-119 IgG4 subtypes between
individuals positive or negative for P. falciparum parasites in the dry season (p < 0.05) (Fig. 12).
The mean IgG1 and IgG4 titres for P. falciparum
negative individuals were higher than those of P. falciparum positive individuals at the end of the rainy
season. Also the mean IgG2 and IgG3 titres for P. falciparum positive individuals were higher than those of
P. falciparum negative individuals (Fig. 13). There was
a significant difference in the anti-MSP-119 IgG4 subtypes between individuals positive or negative for P.
falciparum parasites at the end of the rainy (p < 0.05)
(Fig. 13). Subjects positive for anti-MSP-119 IgG2 and
anti-MSP-119 IgG4 had a positive relationship between
total IgG with parasitemia (r = 0.079 and 0.197) while
those positive for anti-MSP-119 IgG1 and anti-MSP119 IgG3 had a negative relationship (−0.007 and
−0.039 Pearson’s correlation). Anti-MSP-119 IgG1
and IgG4 had a negative relationship with parasitemia
(r = −0.213 and −0.349), while IgG2 and IgG3 had a
positive relationship with parasitemia (r = 0.285 and
0.318). The influence of anti-MSP-119 subtypes in
malaria outcome was shown using regression analysis.

The regression showed that none of the subtypes had an
effect in predicting P. falciparum positive individuals
in the dry and rainy seasons.

4. Discussion
A major determinant of malaria epidemiology is the
pattern of acquired immunity to P. falciparum infection, with individuals that can tolerate parasitemias
living in malaria endemic areas (Bradley, 1991). Epidemiological studies have demonstrated that the burden of morbidity and mortality is concentrated among
the youngest age groups under conditions of intense,
perennial, stable transmission. The precise relationship
between frequencies of parasite exposure, functional
immunity and disease risk remains ill defined (Snow
et al., 1999). Antibody responses directed against surface proteins of the merozoite may function either
by blocking red blood cell invasion or by making
the merozoite susceptible to phagocytosis. Parasite
antigen-specific antibody plays an important role in
controlling parasitemia via antibody dependent cellular inhibition (ADCI), whereby binding of antibodies
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in estimating the immune response of individuals in the
dry season than at the end of the rainy season when
other factors such as increased exposure to the parasite
are considered. There was an increase in anti-MSP119 IgG antibody titre with age in both the dry season
(Fig. 1) and the rainy season (Fig. 2). The decrease
in the mean IgG antibody titre in children between 61
and 120 months was more pronounced in the dry season (Figs. 3 and 4). There was a significant decrease
in the anti-MSP-119 IgG antibodies produced at the
end of the rainy season compared with the dry season. Braga et al. (2002) showed that in individuals with
long-term exposure to malaria, a higher percentage that
was asymptomatic for malaria recognised MSP-119.
This is similar to the result obtained from this study,
since the incidence of malaria infection is higher in the
rainy season. It is a widely accepted fact that individuals living in an endemic area develop immunity against
malaria infection, as they grow older and they produce specific antibodies, due to their constant exposure
to parasite antigens. Al-Yaman et al. (1996) reported
that the prevalence and concentration of antibodies to
parasite derived MSP-1 as well as to both the C- and
N-terminal regions increased with age. The MSP-119
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to phagocytes via Fc receptors leads to inhibition of
parasite growth (Tebo et al., 2001). MSP-119 specific
antibodies not only inhibit secondary processing of the
MSP-1 precursor but also bind to MSP-119 thus preventing merozoites from binding to the red blood cell
surface (Wipasa et al., 2002). Children living in IgboOra have been reported to have antibodies that inhibit
the processing of MSP-1 (Nwuba et al., 2002). Studies
have linked anti-MSP-119 antibodies in infants with
protection from clinical malaria (Hogh et al., 1995;
Branch et al., 1998). This would imply that there is
a transfer of maternal antibodies to these children.
Unpublished results by Nwuba et al., show the transfer of specific anti-MSP-119 antibodies from mother to
child in Igbo-Ora. This may be the reason for the high
anti-MSP-119 in the children studied.
Igbo-Ora is located in the savannah region where
malaria though seasonal is also persistent throughout
the year, most individuals living in this area are constantly exposed to infection, with the levels of infection
increasing in the rainy season. Results from this study
mirror this argument that the prevalence of P. falciparum infection is higher in the rainy season (Table 1).
The results however showed that age is more important

241

Fig. 7. Correlation between anti-MSP-119 IgG and age for samples positive for P. falciparum at the end of the rainy season. Scatter diagram
showing the relationship between age and anti-MSP-119 IgG antibody titre for children whose giemsa stained blood smears were P. falciparum
positive. Antibody titre is expressed as log reciprocal antibody titre, while age is in months.
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et al. (1998) stated that untreated infants who went
on to clear their parasitemia without requiring treatment had significantly higher anti-MSP-119 IgG levels
one month prior to infection than untreated infants who
did not clear their parasitemia and they associated this
with protection against parasitemia. There was a significant positive relationship between the anti-MSP-119
IgG and parasite density. This implies that the level of
antibodies against MSP-119 increased with increasing
parasite densities. It could be agued that the high IgG
titre in P. falciparum positive individuals in the rainy
season could be due to the increased parasite infection
and subsequent production of anti-MSP-119 antibodies, which would eventually aid in parasite clearance.
The requirement for high titre would reflect the fact
that plasma antibodies must act quickly between rupture of one erythrocyte and invasion of another (Good
and Doolan, 1999). Also this relatively high antibody
response against MSP-1 C-terminal could be given the
necessary cognate help by T-cell epitopes outside the
MSP-119 region (Quin and Langhorne, 2001). Egan
et al. (1996) reported that anti-MSP-119 antibodies tend
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recombinant antigen used in this study had the two EGF
motif of MSP-1 which had been shown by Egan et al.
(1995, 1996) to have increased prevalence of antibodies
against it with age.
Analysis on individuals who were either P. falciparum positive or negative in the dry season revealed
that the total anti-MSP-119 antibodies correlated with
age (Figs. 5 and 6) and there was no significant difference in the anti-MSP-119 IgG titres between the two
groups. In contrast, at the end of the rainy season the
antibody titres of P. falciparum negative individuals
positively correlated with age, while the MSP-119 antibody titres of those who were P. falciparum positive
correlated negatively with age, at the end of the rainy
season (Figs. 7 and 8). There was a significant increase
in the anti-MSP-119 IgG titres in P. falciparum positive
individuals in the rainy season, compared with those
who were P. falciparum negative. The results imply
that parasitic infection rather than age might be a strong
determining factor for P. falciparum positive individuals, in assessing MSP119 antibody levels at the end of
the rainy season as observed in the dry season. Branch
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Fig. 8. Correlation between anti-MSP119 IgG and age for samples negative for P. falciparum at the end of the rainy season. Scatter diagram
showing the relationship between age and log anti-MSP-119 IgG antibody titre for children whose giemsa stained blood smears were P. falciparum
negative. Antibody titre is expressed as log reciprocal antibody titre, while age is in months.
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Fig. 9. Mean subtype titre in the dry season and at the end of the rainy
season. The mean absorbance values for each of the IgG subtypes
was determined for the dry season and at the end of the rainy season
and compared. The numbers on the bars represent the percentage of
individuals positive for the subtypes in each season.
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to be higher in children who experienced only asymptomatic infections than in children who experienced
clinical infections.
Results from this study showed that in the dry
season all four subclasses of IgG were present in
agreement with Aucan et al. (2001) who showed
that IgG1-IgG4 from most of their study subjects
recognised the antigens RESA, MSP-1 and MSP-2.
In the dry season, the cytophilic antibodies IgG1
and IgG3 were more predominant (84.4%) in all the
children surveyed, with anti-MSP-119 IgG4 as the
least prevalent (55%) (Fig. 9). The same trend was
observed at the end of the rainy season (Fig. 1) with
anti-MSP-119 IgG1 and anti-MSP-119 IgG3 being
predominant (87% and 97.8%, respectively). Shi et al.
(1996) and Nguer et al. (1997) had also showed IgG1
and IgG3 to be predominant in children and adults
living in a malaria endemic area. Comparing the mean
IgG subtype antibody titres for both seasons it was
observed that while the anti-MSP-119 IgG1, IgG2, and
IgG3 increased at the end of the rainy season, antiMSP-119 IgG4 decreased (Fig. 9). This increase was
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Fig. 10. Relationship between anti-MSP-119 IgG1, IgG2, IgG3 and IgG4 with age in the dry season. The relationship between the absorbance
values of the IgG subtypes (IgG1, IgG2, IgG3 and IgG4) and the age of the children was determined. This relationship was described in the dry
season and at the end of the rainy season. The absorbance value is expressed as optical density while the age is in months.
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influenced the anti-MSP-119 IgG subclass production.
This is in contrast to the work by Egan et al. (1996)
who showed that there was no detectable association
between anti-MSP-119 IgG subclass and age.
There is a negative correlation between parasite density and anti-MSP-119 IgG1 IgG4. It should be noted
that the levels of anti-MSP-119 IgG4 were, however
very low. Wipasa et al. (2002) reported that the level of
anti-MSP-119 IgG1 was inversely correlated with parasite density, while Braga et al. (2002) demonstrated
a high level of anti-MSP-119 IgG1 in asymptomatic
patients suggesting that anti-MSP-119 IgG1 antibody
response may play a role in protection in humans.
The results from this study showed that anti-MSP-119
IgG1 titres and anti-MSP-119 IgG3 titres were higher
in individuals that were P. falciparum negative in the
dry season, while anti-MSP-119 IgG2 and anti-MSP119 IgG4 titres were higher in P. falciparum positive
individuals (Fig. 12). The anti-MSP-119 IgG1 and antiMSP-119 IgG4 titres were higher in individuals that
were P. falciparum negative at the end of the rainy
season, while anti-MSP-119 IgG2 and anti-MSP-119
IgG3 were higher in P. falciparum positive individu-
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significant only for anti-MSP-119 IgG3. Braga et al.
(2002) related the presence of anti-MSP-119 IgG1 with
long time exposure and anti-MSP-119 IgG3 with short
time exposure to malaria. This might also help explain
the higher IgG3 levels noticed at the end of the rainy
season in this study, though both cytophilic antibodies
are functionally equivalent. Transmission level tends
to have a greater (but still transient) impact upon the
isotype distribution, whereas the duration of exposure
to the parasite had a maximum influence upon the
isotype level in children (Aribot et al., 1996). In the dry
season anti-MSP-119 IgG1, anti-MSP-119 IgG2 and
anti-MSP-119 IgG3 increased with age (Fig. 10), with
anti-MSP-119 IgG3 having the strongest correlation
with age (p < 0.01, r = 420). Shi et al. (1996) reported
that the prevalence and levels of response of IgG1
and IgG3 increased with age. At the end of the rainy
season this was reversed; only anti-MSP-119 IgG2
and anti-MSP-119 IgG4 correlated positively with
age (Fig. 11). This could explain at least in part, a
higher incidence of malaria at the end of the rainy
season than in the dry season. It could therefore be
inferred that in this study, age and seasonal variation
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Fig. 11. Relationship between anti-MSP-119 IgG1, IgG2, IgG3 and IgG4 with age at the end of the rainy season. The relationship between the
absorbance values of the IgG subtypes (IgG1, IgG2, IgG3 and IgG4) and the age of the children was determined. This relationship was described
in the dry season and at the end of the rainy season. The absorbance value is expressed as optical density while the age is in months.
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the earlier result and showing that anti-MSP-119 IgG1
and IgG3 might be protective against P. falciparum in
the children studied. This result points to the fact that
non-cytophilic antibodies are associated with increased
parasitemia in the rainy season.
The results strongly suggest that the children
living in Igbo-Ora have some form of immunity
against malaria due to the observed high prevalence
of antibodies against MSP-119 . It has been found that
seasonal variations affects the kind of IgG subclass
being expressed by children in Igbo-Ora, and its effect
on anti-MSP-119 IgG production should be considered
as an significant factor when reporting correlation
experiments between antibody responses and age due
to the increased number of younger children with P. falciparum infection in the rainy season. As shown from
the results anti-MSP-119 IgG1 and IgG3 antibodies are
important in parasite clearance and the dynamics of the
anti-MSP-119 IgG1, IgG2, IgG3 and IgG4 antibodies
could play an essential part in protecting children living in this area from malaria. Therefore the production
of an MSP-119 based vaccine that would produce more
IgG1 and IgG3 antibodies might prove beneficial.

UN

IV

ER

SI

TY

O

AN

AD

F

IB

als (Fig. 13). The results also showed that there was a
negative correlation between samples with anti-MSP119 IgG1 and anti-MSP-119 IgG3 with parasite density,
while there was a positive correlation of parasite density with samples that were positive for anti-MSP-119
IgG2 and anti-MSP-119 IgG4. Shi et al. (1996) and
Wipasa et al. (2002) reported that IgG1 and IgG3 were
protective, while IgG4 and IgG2 block the effect of
the cytophilic antibodies. The present study supports

LI

Fig. 12. Mean absorbance values of IgG subtypes for individuals
positive or negative for P. falciparum in the dry season. The mean
absorbance values of IgG subtypes for individuals whose smears
were positive and negative for P. falciparum were compared for each
season.

Fig. 13. Mean absorbance values of IgG subtypes for individuals
positive or negative for P. falciparum at the end of the rainy season.
The mean absorbance values of IgG subtypes for individuals whose
smears were positive and negative for P. falciparum were compared
for each season.
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