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Abstract 
Background: Malaria is a leading global cause of mortality and morbidity, and effective vaccines are urgently 

needed. The life cycle of Plasmodium falciparum is complex since it requires expression of multiple specialized 
proteins that can induce an immune response. 

Methods: The study was conducted in 12 children from a malaria-endemic area. The presence of the parasite in 
the sera samples was assessed through RDT. Different isotypes against P. falciparum blood stages, total IgG, 
IgG1, IgG2, IgG3, IgG4, IgM, IgE and Ig G+A+M, were determined by ELISA. Immunodetection of P. falciparum 
proteins was conducted by immunoblotting. 

Results: From serological analysis of a total of 12 samples, 8 were serologically positive for total IgG anti-P. 
falciparum, while the remaining 4 were negative. For total antibodies anti-P. falciparum, 9 samples were 
serologically positive and 3 negative. For IgM anti-P. falciparum, 7 samples were serologically positive, 4 negative, 
and 1 indeterminate. There was a predominance in IgG1 response in the patients, suggesting a cytophilic action 
against malaria. Through immunoblotting profile analysis, it was detected a consistent immunoreactivity pattern for 
P. falciparum antigens with molecular weights in the range of 190 to 80kDa, and a less consistent pattern in the 

range of 50 to 40kDa. 
Conclusions: The proteins identified in this study could be a starting point for future studies on the humoral 

immune response, impacting control strategies and disease prevention. 
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Introduction 
Malaria is an infectious disease caused by a 

protozoan parasite belonging to the genus 
Plasmodium. Its main form of transmission is through 
the bite of infected female Anopheles mosquito; 
however, transmission may also occur through direct 
inoculation of infected blood, by accidental exposure, 
through transfusion of blood and blood components 
from donations of asymptomatic donors with low 
parasitemia (1,2) and also from congenital malaria 
(3,4).  

There are approximately 400 species of Anopheles; 
of these, 60 are vectors of malaria under natural 
conditions, of which 30 present higher infection rates 
(5). About 200 species of Plasmodium have been 

described throughout several hosts, including 
mammals, birds and reptiles (6), but only 5 of these 
infect humans: P. falciparum, P. ovale, P. malariae, P. 
vivax and P. knowlesi (5). P. falciparum is common in 

the tropics and causes the most serious form of the 
disease. Infections with this parasite can be fatal in the 
absence of prompt recognition of the disease and its 
complications and urgent, appropriate patient 
management (7). 

The life cycle of the parasite involves two hosts: an 
invertebrate (female Anopheles mosquito) and a 
vertebrate (human). This is a very complex life cycle 
that involves a different phase sequence in both the 
mosquito and in humans. The cycle begins with 
inoculation of motile sporozoites into the dermis, which 
then travel to the liver; each sporozoite invades a 
hepatocyte and then multiplies. After about a week, the 
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liver schizonts burst, releasing into the bloodstream 
thousands of merozoites that invade red blood cells and 
begin the asexual cycle. Some parasites develop into 
sexual forms (gametocytes). Gametocytes are taken up 
by a feeding anopheline mosquito and reproduce 
sexually, forming an ookinete and then an oocyst in the 
mosquito gut. The oocyst bursts and liberates 
sporozoites, which migrate to the salivary glands to 
await inoculation at the next blood feed. The entire 
cycle can take roughly 1 month (8).  

The clinical symptoms of malaria are mainly due to 
the rupture of the schizonts and the destruction of 
erythrocytes. Severe malaria is usually caused by P. 
falciparum; however, P. vivax and P. knowlesi can also 
cause serious illness (9,10). Severe malaria can mimic 
many other diseases that are also common in malaria-
endemic countries. Although the disease is common, it 
is often intermittent and may even be found absent in 
some cases (7). 

Control of this disease requires a multifaceted 
approach, which includes a variety of strategies, such 
as vector control with residual insecticide spraying; 
larvae control; protective measures such as insecticide-
treated bednets; insect repellents; use of appropriate 
linens; and through the use of anti-malarial drugs and 
vaccines (8). Due to the wide gap in understanding the 
biology of P. falciparum infection, it is difficult to identify 
the most effective vaccine candidate from among the 
thousands of potential antigens of P. falciparum. The 
malaria vaccines that present themselves as current 
candidates are directed towards stages of the parasite's 
life cycle in humans and mosquitoes, but until now, 
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relatively few proteins have been studied towards 
developing a potential vaccine (11). The most 
advanced candidate vaccine is RTS,S/AS01, which has 
a target approach towards the free and intrahepatic 
phases of the sporozoites of the parasite (12). In July of 
2015, RTS,S/AS01, now also known as Mosquirix, 
received "green light" by the European Medicines 
Agency, so that it can be administered outside of the 
European Union in the vaccination of young children, 
alongside additional protective measures (13). 

Immunity seems to require a humoral and cellular 
immune response. Passive transfer of purified 
immunoglobulin (Ig) G from hyperimmune sera to 
malaria patients has demonstrated that IgG mediates 
anti-parasite activity and overall protection against 
malaria (14,15).  

A study of individuals infected with P. falciparum 
demonstrated that a predominance of IgG1 and IgG3 
cytophilic antibodies (Abs) is associated with protection 
against the disease, whereas a predominance of IgG2 
and IgG4 non-cytophilic Abs is associated with 
increased susceptibility to malaria infection (16). 

The primary response of Abs to a pathogenic is IgM. 
Several studies suggest that IgM has a protective role 
against malaria infection (17–20). 

The role of IgE Abs in protection and/or pathogenesis 
is not well-established. Regardless of its possible 
protective role (21–23), this class of Abs may also 
contribute to disease severity (24,25). 

In terms of IgA Abs, no specific function in malaria has 
been described to date.  

Nevertheless, a yet large number of malaria antigens 
has presented a major challenge towards identification 
of the protective responses and their targets, and it is 
likely that strong immunity is mediated by responses to 
multiple antigens. 

Despite the global importance of P. falciparum, much 

work is yet to be done in regards to characterization of 
their proteins. Thus, this work aims to characterize the 
serological and immunochemical reactivities involved in 
the induction and maintenance of humoral immunity in 
patients (notably children) with clinical signs of severe 
malaria by P. falciparum. The results obtained in this 
study may help to identify serologic markers in infection 
with P. falciparum, and enhance the use of such 

markers as antigenic candidates for vaccine 
development. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

Materials and methods 

Study area, subjects and serum samples 

For this study, 12 children aged 0 to 16 presenting 
symptoms of severe malaria or malaria requiring 
hospitalization for oral intolerance were recruited (after 
written informed consent of a parent or accompanying 
adult). All 12 were observed in pediatric consultations 
of the Hospital São José de Bor, located in Bor village, 
4 km from Bissau (Guinea-Bissau), during the months 
of June and July of 2011. The severe malaria diagnosis 
was made through clinical evaluation, assessed by the 
investigator or other service physician, which then 
proceeded in recruiting the child in accordance with 
official World Health Organization (WHO) criteria (26). 

Blood samples used in this study were collected by 
venipuncture and temporarily stored in K3 
ethylenediamine tetraacetic acid (EDTA) tubes at -80°C 
in the Health Project of Bandim in Bissau, having been 

transported by air in a refrigerated container to the 
Instituto de Higiene e Medicina Tropical in Lisbon 
(Portugal), where they were subsequently stored at -
20°C (26). 

Due to the time difference mediating the collection of 
samples (2011) and the present work tests (2015), 
Rapid Diagnostic Test (RDT) (Rapid Malaria pf/pan 
Antigen Test, Boson Biotech, China) of the samples 
was performed, in order to check whether the diagnosis 
of infection by malaria remained. 

The participation of patients in the study was 
voluntary. The institutional Ethics Committee at the 
Instituto de Higiene e Medicina Tropical, Lisbon, 
Portugal, approved this study protocol.  

 

Cultured parasites 
Dd2 P. falciparum clones were cultured at 5% 

hematocrit, 37°C and atmosphere with 5% of CO2 as 
described in (27). For the extraction of total proteins of 
P. falciparum, the parasite cultures were transferred to 
15mL tubes, centrifuged at 2500g (centrifuge 5810R, 
eppendorf, Germany) for 2 minutes at room 
temperature, and the supernatant was discarded. The 
pellet was resuspended in lysis buffer (5mM sodium 
phosphate, pH 8 + protease inhibitor (cOmplete ULTRA 
Tablets, Roche, Switzerland)), five times the pellet 
volume. The tubes were placed on ice for 15 minutes 
and then centrifuged at 3220g, at 4°C for 20 minutes. 
The supernatant was discarded. Subsequently, the 
pellet was washed three times with ice cold phosphate 
buffered saline (PBS), centrifuging it at 18000g for 10 
minutes at 4°C and the resulting supernatant was 
discarded. For parasite lysis and extraction of proteins, 
4 times the pellet volume of lysis buffer containing 
proteases inhibitor was added (0.1% Triton X-100 in 
PBS + protease inhibitor (cOmplete ULTRA Tablets, 
Roche, Switzerland)). The tubes were placed on ice for 
30 minutes under stirring, and homogenized by vortex 
every 10 minutes. After the tubes were placed at -70°C 
for 5 minutes and then at 37°C for 5 minutes. This 
process was repeated two more times. After this cycle, 
the samples were again centrifuged at 18000g for 10 
minutes at 4°C. The supernatant was recovered. 

The quantification of total protein of P. falciparum was 
performed according to the Bicinchoninic Acid Protein 
(Sigma, USA) method provided by the manufacturer. 

 

ELISA for total Abs and IgM Abs 

Total Abs (Ig G+A+M) and IgM Abs were detected by 
enzyme-linked immunosorbent assay (ELISA) using 
the total protein of P. falciparum antigen as described 
in (27). Thus, 100µL of total extract of P. falciparum 
were prepared at a concentration of 2ng/µL in 
bicarbonate buffer (0.1M, pH 8.5) and absorbed in each 
well of ELISA plate (Thermo Fisher Scientific, USA) for 
96 wells. The plate was incubated overnight at 4°C and 
then washed three times with 200μL/well of washing 
buffer (0.05% (v/v) Tween-20 in PBS). 200μL/well of 
blocking buffer (5% (w/v) milk powder in PBS) were 
added, followed by incubation for 1 hour at room 
temperature with orbital shaking. Then, the plate was 
washed three times (200μL/well with washing buffer) 
and 100µL/well of primary antibody (sample) diluted 
(1/100 (v/v)) in antibody buffer (1% blocking buffer in 
washing buffer) were added. The plate was incubated 
for 1 hour at room temperature with orbital shaking. 
After washing five times with 200μL/well with washing 
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buffer, 100µL/well of the following secondary antibody, 
diluted (1/10000 (v/v)) in antibody buffer were added: 
total Abs (Ig G+A+M) conjugated with alkaline 
phosphatase (Zymed, USA) and IgM Abs conjugated to 
alkaline phosphatase (Calbiochem, USA). The plate 
was incubated for 1 hour at room temperature with 
orbital shaking, washed five times (200μL/well with 
washing buffer) and 100µL/ well of substrate (1 tablet 
(20mg) of 4-nitrophenyl phosphate disodium salt 
hexahydrate (Sigma, USA)) diluted in 20mL of water 
were added. The plate was incubated for 30 minutes at 
room temperature with orbital shaking under sunlight. 
Finally, 50mL/well of stop solution (sodium hydroxide, 
3N) were added. Spectrophotometric reading was 
performed at 405nm (microplate reader model 680, 
Biorad, USA).  

For total Abs and IgM Abs, the cut-off value was 
defined as a mean of absorvance (ABS) from negative 
control (m), plus twice standard deviation (SD): cut-off 
=m+2SD [𝟏]. In this assay, it was used positive (sera 

samples from adults with acute malaria) and negative 
(sera samples from children with no history of malaria 
infections) controls. 
 

ELISA for total IgG Abs and IgE Abs 

Slight differences were made in total IgG Abs and IgE 
Abs anti-P. falciparum detection when analyzed as 

described above. As secondary antibody, anti-human 
IgG Abs conjugated with horseradish peroxidase (HRP) 
(Biorad, USA) and human anti-IgE Abs HRP-
conjugated (AbD Serotec, UK) were used, diluted 
(1/10000 (v/v)) in antibody buffer. As substrate, 10mg 
O-Phenylenediamine dihydrochloride (Sigma-Aldrich, 
USA) diluted in 10mL citrate buffer (0.1M citric acid, 
0.1M disodium phosphate 0.0001% (v/v), 30% 
hydrogen peroxide, pH 5.0) and 10μL hydrogen 
peroxidase (Sigma, USA) were added. The reaction 
was stopped with sulfuric acid (4N). Spectrophotometric 
reading was performed at 405nm (microplate reader 
model 680, Biorad, USA).  

For total IgG Abs, the cut-off value was defined as 
follows: cut-off=m+3SD [𝟐]. Also for total IgG Abs anti-
P. falciparum detection, it was used positive (sera 
samples from adults with acute malaria) and negative 
(sera samples from children with no history of malaria 
infections) controls. For IgE Abs anti-P. falciparum 
detection, neither positive or negative controls were 
used, for lack of truly representative control samples. 

 

ELISA for IgG subclasses Abs 

Slight differences were made in IgG subclasses Abs 
anti-P. falciparum detection when analyzed as 
described above. As secondary antibody, the following 
Abs, diluted (1/1000 (v/v)) in antibody buffer, were 
used: anti-IgG1 conjugated with biotin (Sigma, USA), 
anti-IgG2 conjugated with biotin (Sigma, USA), anti-
IgG3 conjugated with biotin (Sigma, USA) and anti-
IgG4 conjugated with biotin (Sigma, USA). There was 
an additional step by adding 100µL/well of peroxidase-
conjugated streptavidin (R&D Systems, USA) diluted in 
antibody buffer. The substrate used was provided by 
R&D Systems, EUA. Spectrophotometric reading was 
performed at 450nm (microplate reader model 680, 
Biorad, USA). 

For IgG subclasses Abs anti-P. falciparum detection, 
neither positive or negative controls were used, for lack 
of truly representative control samples. 
 

Detection of Plasmodium falciparum proteins by 
immunoblotting 

Immunoblotting was performed as described in (28). 
P. falciparum proteins were separated by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) with a 10% polyacrylamide gel and 
transferred onto nitrocellulose sheets (GE Healthcare, 
United Kingdom). After transfer of proteins from the gel 
to the membrane, the membrane was washed twice, for 
10 minutes, with washing buffer (0.05% (v/v) Tween-20 
in PBS). This was followed by incubation with blocking 
buffer (5% (w/v) milk powder in PBS) for 1 hour at room 
temperature. Again, the membrane was washed three 
times, for 10 minutes each, twice with washing buffer, 
and once with PBS. Afterwards, the membrane was 
incubated with of primary antibody (samples) diluted 
(1/100 (v/v)) in antibody buffer (1% blocking buffer in 
wash buffer) for 1 hour, at room temperature, with 
orbital agitation. As negative controls, sera from 
patients who had never been in contact with the 
parasite or in malaria-endemic areas were used. As 
positive controls, to validate the assessment, sera from 
patients with malaria were used. Again, the membrane 
was washed three times, for 10 minutes each, twice 
with wash buffer, and once with PBS. To detect the 
antibody-antigen complex, the membrane was 
incubated with secondary antibody, anti-IgG Abs HRP-
conjugated (AbD Serotec, BioRad), diluted (1/10000 
(v/v)) in blocking solution, for 1 hour, at room 
temperature, with orbital agitation. Again, the 
membrane was washed five times, for 10 minutes each, 
with washing buffer. To reveal the presence of the 
conjugate, the membrane was incubated with 
developing solution (diaminobenzidine tablets (Sigma-
Aldrich, USA) in PBS) at room temperature until color 
development. The reaction was stopped with distilled 
water, and the membranes were left to dry. The 
determination of the protein’s molecular mass was 
estimated by comparison with a commercial molecular 
weight marker (HyperPAGE Prestained Protein Marker, 
Bioline, United Kingdom).  

 

Results and discussion 

Characteristics of study population 

The average age of children admitted in this assay 
was 6,75 years (minimum 2 years, maximum 14 years), 
with a predominance of females, representing 58% of 
patients (n=7) (26). Samples of the surveyed population 
were clinically characterized, as described in (26). The 
laboratory tests used to diagnose malaria consisted of 
optical microscopy, RDT and polymerase chain 
reaction (PCR). Also, serological detection by 
commercial ELISA for total Abs (Ig G+M+A) specific for 
Plasmodium spp was used (Table 1).  

As it shows in Table 1, from tests previously 
performed (26), 66,7% (n=8) of the study sample 
showed the presence of total Abs anti-Plasmodium spp. 
(ABS/cut-off values above one unit). Of these samples, 
P2 is serologically positive for Plasmodium spp. but with 
lower results than the others (P01, P03, P06, P08, P09, 
P10 and P12). The samples P05, P07, P11 and P13 
showed ABS/cut-off values below one unit, thus being 
considered serologically negative for Plasmodium spp. 
Previous assays (26), also showed that all individuals 
were infected by P. falciparum. 
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Table 1 - Summary of diagnostic methods for malaria previously performed. Adapted from (26). 

Samples 
Optical microscopy 

by thick blood (IHMT) 
RDT 

PCR (P. 
falciparum) 

Serologic diagnostic: commercial ELISA, 

total Abs anti-Plasmodium spp. 
(ABS/cut-off) 

P1 + + + 13,24 

P2 + + + 5,07 

P3 + + + 17,23 

P5 + + + 0,57 

P6 + + + 10,93 

P7 + + + 0,45 

P8 + + + 21,25 

P9 + + + 10,48 

P10 + + + 20,39 

P11 - +/- + 0,43 

P12 + + + 17,40 

P13 + + + 0,48 

Legend: (+) positive; (-) negative; (+/-) weakly positive. 

Diagnosis of infection with Plasmodium spp. by 
immunochromatography  

RDT were performed to detect the presence of the 
parasite on the blood samples. This particular test could 
verify the presence of P. malariae and P. falciparum. 
The results are presented in Table 2. 

 
Table 2 – Summary of the RDT results. 

Samples P. malariae  P. falciparum 

P1 N Y 

P2 N Y 

P3 Y Y 

P5 Y Y 

P6 N Y 

P7 N Y 

P8 N Y 

P9 N Y 

P10 N Y 

P11 Y (weak) N 

P12 N Y 

P13 N Y 

 Legend: (N) no, (Y) yes. 
 
All twelve samples showed presence of at least one 

Plasmodium species, P. falciparum being the most 
prevalent. Interestingly, patients P3 and P5 showed 
infection either by P. falciparum or P. malariae. The 
sample P11 is the only sample that gave a weak 
positive result for infection with P. malariae. Several 
explanations may exist for this result, such as low 
parasite load, recent infection, or poor quality of the 
sample (thawing process may have affected the 
sample). 

This particular test checked for the presence of P. 
falciparum histidine-rich protein 2 (HRP-2) and P. 
malariae lactate dehydrogenase (LDH), which are the 

most common target antigens in RDT. However, as 
shown in Table 1, PCR assays, performed previously, 
detected infection by P. falciparum in all samples, 
including P11. This contradiction between the two 
diagnostic tests could be due to polymorphism in the 
HRP-2 gene of P. falciparum. The variation of the HRP-

2 gene in certain repetitions of amino acids may affect 
the sensitivity of the HRP-2 based RDT. Several studies 
indicate the existence of polymorphisms in Madagascar 
(29), Asia Pacific (30,31) and India (32). For LDH, there 
seems to be no polymorphism associated. However, 
detection of this antigen may also fail because of the 
low sensitivity of the test in cases of infections with low 
parasitemia (33). 

The variability in specificity and sensitivity is 
generally associated with the manufacturing process of 
RDT kits (34). There were no other tests in the literature 
that used the same RDT kit used in the present study 
to analyze the performance in other conditions. The 
calculation of sensitivity and specificity (35) of the RDT 
would be used as a comparison point with another 
diagnostic test, such as PCR and microscopy. In this 
case, given the small sample size, these two variables 
would have very high percentages, which would not be, 
however, a faithful representation of reality. 
 

Pattern of isotype response against P. falciparum 
blood stages 

Total IgG, IgM and total Abs (Ig G+A+M) isotypes 
levels were tested in P. falciparum blood-stage antigens 
of the 12 Plasmodium-infected subjects presenting 
clinical expressions of severe malaria. The results are 
presented on Figure 1.  
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Figure 1 - Results of the reactivity study of sera from 

patients with severe malaria for total IgG, IgM and total 
Abs (Ig G+A+M) anti-P. falciparum by ELISA. 
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From the total of 12 samples, 8 were positive for total 
IgG anti-P. falciparum and 4 negative (P5, P7, P11, 
P13). For total Abs (Ig G+A+M) anti-P. falciparum, 9 
samples were positive and 3 negative (P5, P7, P11). 
For IgM anti-P. falciparum, 7 samples were positive, 4 
negatives (P2, P5, P7, P11) and 1 indeterminate (P6). 

It should be noted that RDT provides evidence of the 
presence of the parasite in blood samples, whereas the 
ELISA detects Abs against malaria antigens. Thus, the 
fact that some samples are negative in the research of 
certain Abs types does not go against the results of 
RDT. Since all the samples indicated the presence of 
the malaria parasite, serological data suggest a “lag” 
time between infection and activation of the humoral 
immune response against it. More specifically, we can 
infer that the patients P5, P7 and P11, although positive 
through RDT, had not yet triggered the humoral 
response against the parasite. 

Special attention must be given towards patient P11. 
In Table 2, we can see that this patient was only 
infected with P. malariae. When performing serological 
assays for the detection of anti-P. falciparum, it was 
predictable that they yield negative results. However, if 
we consider the PCR test performed previously (Table 
1), which tested positive for infection with P. falciparum, 
the occurrence of contamination while performing the 
PCR could be the cause of this contradiction results. 

Regarding the highlight of the importance of the 
present study, it should be emphasized that many 
studies are based on the immunology of malaria in 
adults, people who have had multiple exposures to the 
parasite, and thus have a stronger immune system. By 
studying the immune response in children who were 
subject to the first or a few exposures to parasites, we 
have opportunity to characterize the first humoral 
immune response of the patients in these conditions.  

Since IgM is the first Ig class to be produced in the 
humoral response following infection, patient P13 
results suggest that when sample collection occurred, 
the patient in question was developing a very recent 
humoral response (positive IgM and total IgG negative). 
P2 patient results suggest a later infection, by positive 
total IgG and IgM negative. 

Also in Figure 1, we can observe that total Abs and 
total IgG profiles are similar, implying that the total Abs 
are mostly total IgG. Hence, these observations print 
out to an association between high levels of IgG and the 
severity of the disease; which also meets the fact that 
IgG confers protection against malaria, in studies from 
Ig transfer of immune donors to patients with P. 
falciparum (15). 

A virulence factor in the pathogenesis of severe 
malaria by P. falciparum is the formation of rosettes. 

Studies indicate the binding IgM Abs to the surface of 
infected erythrocytes via the Fc receptor and has a 
positive correlation with the formation of rosettes 
(17,36). Further evidence for the role of IgM antibodies 
in malaria infections is described in a study by Brown et 
al., which suggests that mononuclear cells of infected 
children and IgM Abs inhibit growth of P. falciparum in 
vitro more effectively than IgG (37). 

Several studies of erythrocyte antigens stage 
showed similar results. Richards et al. also presented 
high levels of IgG in a study of children (n=206) in 
Papua New Guinea, associating them with protection 
against symptomatic malaria and high levels of 

parasitaemia (38). Also Nebie et al. showed that IgG 
and IgM Abs are associated with a reduced risk of 
malaria in children (n=286) (39). 

 
IgG1, IgG2, IgG3 and IgG4 subclasses and IgE 

isotype levels were tested in P. falciparum blood-stage 
antigens of the 12 Plasmodium-infected subjects 
presenting clinical expressions of severe malaria. The 
results are presented on Figure 2.  
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Figure 2 - Results of the reactivity study of sera from 
patients with severe malaria for IgG1, IgG2, IgG3, 

IgG4 and IgE anti-P. falciparum by ELISA. 

With the data presented in Figure 2, we can evaluate 
the quality of the IgG subclass response, and thereafter 
speculate on the mechanism involved in the humoral 
response. As we can see, there was a predominance of 
IgG1 (cytophilic subclass) response against malaria 
infection, which suggests that these antibodies are 
involved in opsonization of infected red cells, as 
suggested in previously published studies (40,41). 

Cytophilic Abs (IgG1 and IgG3) promote 
phagocytosis and antibody-dependent cell-mediated 
cytotoxicity (ADCC) processes (16,42). Furthermore, 
there is also evidence indicating that these subclasses 
of Abs act together with monocytes, on antibody-
dependent cellular inhibition (ADCI) processes (43,44). 
ADCI processes assays suggest that IgG1 and IgG3 
Abs from immune donors strongly inhibit parasite 
growth in the presence of monocytes (45,46). 

Interestingly, Pinto et al. also report similar results 
with very similar study conditions present in this 
dissertation. When evaluating the response of IgG 
subclasses anti-P. vivax in 34 children from 0 to 15 
years, investigators report a dominance of cytophilic 
Abs on non-cytophilic. In particular, patients showed a 
predominantly IgG1 response, where 28 of these 
children had never had any previous history of malaria 
and 6 had had one or two episodes of malaria (47). 

As shown in Figure 2, there was no detection of IgE 
Abs anti-P. falciparum. Thus, we can’t conclude 
anything with certainty regarding the great controversy 
between the protective role (21–23) or not (24,25) of 
this Ig in regards to a malaria infection. 

One could also question whether serological reactivity 
of IgE anti-P. falciparum could be underrated, since the 
ELISA method used in this serological analysis didn’t 
resort to the use of biotine-streptavidine complex, as 
was the case with the IgG subclass anti-P. falciparum 

analysis. 
Given the hypothesis that higher levels of IgE anti-P. 

falciparum may be present in the population analyzed, 
further in vitro  studies  would be necessary, and a 

https://en.wikipedia.org/wiki/Antibody-dependent_cell-mediated_cytotoxicity
https://en.wikipedia.org/wiki/Antibody-dependent_cell-mediated_cytotoxicity
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repeat of the serological assays with a larger sample at 
the same conditions would be ideal as well. 
 

Detection of Plasmodium falciparum proteins by 
immunoblotting 

Detection of P. falciparum antigens by 
immunoblotting was performed on samples of the 
studied population. The protein concentration of the 
total extract of P. falciparum applied for each sample 

was chosen based on previously performed studies 
(23μg of extract total protein/well) (28). In this test, we 
used a positive control (sera samples from adults with 
acute malaria with high reactivity for total IgG anti-P. 
falciparum), for the validation of the assay and the 
evaluation of the protein profile of P. falciparum. A 
negative control was also used, in order to prove that 
there would be no antigenic reactivity with P. falciparum 

proteins. In Figure 3, it is shown the immunoblotting 
profile for each sample. 

From the negative control (Figure 3), it is clear that 
there is no antigenic reactivity with proteins of P. 
falciparum, as expected, for the samples were taken 
from children with no history of malaria. 

By ELISA, samples from patients P5, P7, P11 and 
P13 were serologically negative for total IgG anti-P. 
falciparum. From Figure 3, it can be seen that the strips 
of patients P11 and P13 have the same profiles as the 
negative control; there was no immunodetection of 
specific P. falciparum proteins. Though it is possible to 

see some protein bands on samples P5 and P7, the 
protein profile is not as sharp as the positive control, 
being only possible to discern a weak immunoreactivity 
in the samples sera when exposed to P. falciparum 

antigens.  

The results given by the two methods cannot be 
compared in an absolute manner, since they are not 
under the same conditions. In serology, sera dilution 
used was 1:200, while for immunoblotting it was used a 
sera dilution of 1:100. Hence, detected antigens which 
reacted with IgG antibodies anti-P. falciparum were 
possibly not detected by ELISA in samples P5 and P7. 
Furthermore, the sensitivity and specificity of the ELISA 
and immunoblotting differ, which may have influenced 
the test results. The results provided by ELISA tend to 
have lower sensitivity and lower specificity than those 
by immunoblotting (48,49).  

The immunoblotting analysis of the profiles of 
samples from patients with severe malaria showed a 
consistent pattern relative to the immunoreactivity of 
antigens with molecular weights ranging from 190 to 
80kDa (Figure 3, region 1 and 2). These results are 
similar to those obtained in a study of 321 individuals 
with an average age of 48,47 years with prior stay in an 
endemic area (28). 

There also appears to exist a pattern (although not so 
consistent) between the molecular weights in the range 
of 50 to 40kDa (Figure 3, region 4). A study of 227 
subjects with imported malaria shows a similar pattern 
to the one detected in this assay (27). 

Through the protein mass weight marker, it is possible 
to estimate the molecular weight of P. falciparum 
antigens which reacted with IgG antibodies specific for 
P. falciparum. After a protein profile analysis of all 
samples, in Table 3, the most common proteins 
detected are indicated, as well as the possible 
correspondent proteins involved in humoral response of 
the patients.

 
Figure 3 - Immunoblotting profiles of the samples. Each strip contains approximately 23μg of total protein of P. 

falciparum. Legend: (M) molecular weight marker, (C+) positive sera sample; (C-) negative sera sample. 
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Table 3 - Percentage of the most frequent proteins in the immunodetection of P. falciparum antigens in the 12 
analysed samples by immunoblotting and possible association with proteins already described in the literature. 

Molecular weight 
calculated (kDa) 

Percentage (%) References in the literature 

182 67 - 

158 58 

Reticulocyte-binding-like homologue (RH)-4 of 160kDa is involved in 
binding to the surface of erythrocytes, and Tham et al. indicate that 
antibodies from individuals exposed to malaria show reactivity 
against RH-4 (50). 

149 58 

Barale et al. described a P. falciparum antigen 2 protein rich in 
asparagine and aspartate (AARP2), which is synthesized first in the 
ring stage and thereafter accumulated in trophozoites and schizonts 
(51). 

137 58 - 

125 58 

A protein rich in serine (SERP) of 126kDa has been the subject of 
studies: Banic et al. report good humoral responses against this 
antigen in adults in an endemic area (52), and Soe et al. 
demonstrated that the action of antibodies with monocytes inhibit the 
in vitro growth of P. falciparum (53). 

103 75 - 

97 83 

Jouin et al. reported a set of three antigens with distinct isoelectric 
point (pI), but with a molecular weight of 96kDa, as a target of 
protective immunity in either humans or monkeys (54). One of these 
proteins with a pI of 5.25 is thermostable, and is produced at the 
stage of trophozoites, schizonts being the most active (55). One 
caveat is that the protein fractionation of the total extract of P. 
falciparum by polyacrylamide gel only separated proteins based on 
their molecular weight, and its pI is not taken into account. 

75 42 
The human malarial parasite P. falciparum produces a 75-kDa 
protein (p75) throughout its asexual erythrocytic cycle. The protein 
is present on the extracellular surface of the merozoite (56). 

73 58 - 

50 58 
A 51kDa antigen located on the surface membrane of P. falciparum 
has been described by Epping et al. (57). 

45 42 - 

42 59 

With an accurate weight 42kDa, there is a merozoite surface protein 
1 (MSP1)42 antigen: MSP1 is secreted as a 195kDa precursor, and 
subsequently processed by proteases to produce fragments of 83, 
28-30, 30-45 and 42kDa (58). MSP142 is involved in the invasion 
process of merozoites of erythrocytes (59). 

26 58 - 

25 58 - 

20 58 
At one point, the MSP142 protein is cleaved again to form two 
fragments (MSP133 and MSP119) (60). 

 
These results, though only suggestions towards the 

identification of proteins that reacted with IgG 
antibodies specific for P. falciparum, can prove to be 
relevant in the development of new protein targets as 
vaccine candidates. 

 

Sequencing for subsequent in silico analysis of 
the antigens involved in immunochemical reactivity  

After analysis of the immunoblotting profile shown in 
Figure 3, four proteins groups were selected for 
sequencing by mass spectrometry: group 1 with the 
molecular weight range of 200-160kDa, group 2 with 
120-80kDa, group 3 with 60-40kDa and group 4 with 
30-15kDa. 

Groups 2 and 4 are of extreme importance, since 
those weight ranges include the proteins that were 
detected by immunoblotting in serologically negative 
patients by ELISA. Groups 1 and 3 represent a fraction 

of the most frequently detected proteins in all the 
immunoblotting profiles. 

Until the delivery date of this paper, the results had 
not yet arrived, and are therefore not presented. 
 

Conclusion 
This study aimed to characterize the serological and 

antigenic reactivity in children - that is, patients with 
immature immune system, during the first or former 
Plasmodium infections, providing the ability to assess 

and characterize what type of humoral immune 
response occurs in malaria.  

By ELISA anti-P. falciparum, it was possible to 
determine which samples were serologically positive, 
negative or indeterminate, depending on the examined 
classes of Abs (total IgG, IgM, IgE, Ig G+A+M) as well 
as the quality of the IgG subtypes (IgG1, IgG2, IgG3, 
IgG4). The subjects showed a predominance of IgG1 
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Abs response, suggesting a cytophilic action against 
malaria. 

Through immunoblotting profile analysis, a consistent 
immunoreactivity pattern for P. falciparum antigens was 

detected with molecular weights in the range of 190 to 
80kDa, and a less consistent pattern in the range of 50 
to 40kDa, which were in line with previous studies. 
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