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Abstract
Background: Few studies have reported an association between placental malaria (PM) infection and levels of  isotypic antibod-
ies against non-pregnancy associated antigens.
Objective: To determine and evaluate IgG isotypic antibody levels to crude P. falciparum blood stage in women with and with-
out PM infection.
Methods: Levels of  IgG (IgG1-IgG4) and IgM to crude P. falciparum blood stage antigen were measured by ELISA in 271 
parturient women. Placental malaria infection was determined by placental blood microscopy and placental histology. Age, parity 
and intermittent preventive treatment during pregnancy with sulphadoxine-pyrimethamine (IPTp-SP) usage were considered 
during analysis.
Results: P. falciparum-specific IgG1 (96.5%) and IgG3 (96.7%) antibodies were predominant compared with IgG2 (64.6%) and 
IgG4 (49.1%). Active PM infection was associated with significant increased levels of  IgG1, IgG4 and IgM while lower levels 
of  these antibodies were associated with uptake of  two or more IPTp-SP doses.  PM infection was the only independent factor 
associated with IgG4 levels. Mean IgG1 + IgG3/IgG2 + IgG4 and IgG1 + IgG2 +IgG3/ IgG4 ratios were higher among the 
PM-uninfected group while IgG4/IgG2 ratio prevailed in the infected group.
Conclusion: PM infection and IPTp-SP dosage influenced P. falciparum-specific isotypic antibody responses to blood stage 
antigens. An increase in IgG4 levels in response to PM infection is of  particular interest. 
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Introduction
Women are at higher risk of  malaria infection and dis-
ease when pregnant1. This susceptibility may represent a 
combination of  altered immune and hormonal function 
coupled with the unique ability of  infected erythrocytes 
(IEs) to sequester in the placenta through adhesion to 
chondroitin sulfate A (CSA)2. It has been suggested that 

the massive accumulation of  Plasmodium falciparum-IEs 
in the intervillous spaces (IVS) of  the placenta triggers 
the deleterious effects of  malaria in pregnant women and 
their offspring3. The decreasing risk of  malaria with sub-
sequent pregnancies is attributed to parity-dependent ac-
quisition of  antibodies against these placental parasites, 
which has been associated with lower risks of  placental 
parasitemia4,5, maternal anaemia6 and low birth weight7. 
In addition to the parity-specific immunity, age-associated 
immunity has also been suggested to play an important 
part in the control of  infection during pregnancy in areas 
of  high and stable transmission8.
Recent findings show that PM consists of  parasites ex-
pressing var genes other than var2csa that can stimulate 
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the production of  antibodies against a wide range of  para-
site antigens9,10. Thus placental P. falciparum infection has 
been associated with increased IgG levels against mero-
zoite antigens and parasite isolates from pregnant and 
non-pregnant hosts10. Furthermore antibodies against P. 
falciparum antigens not specifically associated with preg-
nancy have also been shown to increase with parity10-12.

Studies have shown that the responses for both non-VSA-
PAM13,14 and VSAPAM10-15 are dominated by the cytophil-
ic subclass IgG1, followed by IgG3 consistent with data 
obtained from non-pregnant adults and children14,16,17. 
The predominance of  IgG1 and IgG3 cytophilic antibody 
in endemic areas has been associated with either lower 
parasitaemia18 or a lower risk of  malaria attack19. Similarly, 
levels of  IgG1 and IgG3 have been shown to correlate 
with the ability of  plasma from pregnant women to inhib-
it parasite adhesion to CSA (Chondriotin Sulphate A) in 
vitro 15 suggesting that these antibodies may function by 
blocking parasite adhesion to placental CSA. Conversely, 
high levels of  IgG2, a non-cytophilic antibody have been 
shown to be associated with low risk of  acquiring P. falci-
parum infection20,21 in individuals carrying a specific allel-
ic variant of  monocytes FcγRIIA receptor that can bind 
IgG221, whereas, high IgG4 levels been associated with 
high risk of  infection and malaria attack by blocking pro-
tective mechanisms individuals living in endemic areas21.

A recent study in a peri-urban setting in Uganda showed 
that naturally acquired immunity to merozoite surface 
antigens (MSP19 and MSP42) and serine repeat anti-
gen-5(SE36) in pregnant women were associated with re-
duced placental parasitemia22. We have previously shown 
that plasma from Cameroonian parturient mothers res-
ident in the South West Region possess inhibitory anti-
bodies that are involved with blocking the re-invasion of  
host red blood cells by erythrocytic merozoites in vitro23. 
Thus, in this study we measured and determined IgG 
(IgG1-G4) isotypic antibody response pattern to a crude 
P. falciparum blood stage antigen in parturient mothers 
resident in the same area. Secondly, we investigated if  iso-
typic antibodies play a role in PM infection taking into 
consideration the effect of  maternal age, parity and use 
of  IPTp-SP.  

Material and methods
Ethics statement
Ethical clearance for the study was obtained from the 

South West Regional Delegation of  Public Health. Ap-
proval to conduct the study in the designated health cen-
tre was obtained from Mutengene Health District Medical 
Officer. Expectant mothers in their third trimester, who 
fulfilled the specific inclusion criteria and volunteered 
to participate after adequate sensitisation on the project 
objectives, methods and possible benefits/risks, were en-
rolled into the study. Study participants were enrolled if  
they gave a written informed consent.

Study area and population
This study was part of  the work conducted at the Gov-
ernment Health Centre in the Mutengene Health Area, 
Mt Area Cameroon region, South west Region, Camer-
oon from March to October 2007. The characteristics of  
the study area have been described elsewhere24. In brief, 
malaria transmission is perennial, with some seasonal-
ity. Intermittent preventive treatment during pregnancy 
(IPTp) consists of  the use of  regular treatment doses of  
SP as stipulated by WHO25. SP dosage and compliance 
were confirmed from patient-held ANC cards, patient’s 
medical record book and by personal interview. The prev-
alence of  HIV infection among the women was 5.6%24. 
Mother’s age, parity status and gestational age were re-
corded.

Sample collection and processing
Maternal peripheral venous blood (2ml) was collected 
within 24 hours after delivery from parturient women 
who consented to participate in the study for antibody 
analysis. Immediately after delivery, the placenta was ob-
tained and a small piece of  tissue (0.5 cm3) excised from 
the centre of  the placenta to prepare impression smears. 
A larger (2cm long, 2cm wide and 1cm thick) biopsy 
specimen was fixed in 10% neutral buffered formalin for 
histopathological assessment as described elsewhere24.

Parasitological examination
Placental impression smears were stained with Giemsa 
(Sigma) and examined by light microscopy. Placental tis-
sue sections were processed, stained with haematoxylin 
and eosin and examined as described elsewhere24,26,27. Pla-
cental malaria parasitaemia and intervillous space mono-
cyte/macrophage count were determined as reported by 
Ismail et al27 and Rogerson et al28 respectively.

Antibody measurement
P. falciparum specific- IgG/subclasses (IgG1-4) and IgM 
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antibody levels in maternal plasma samples were mea-
sured by indirect Enzyme-linked Immunosorbent As-
says (ELISA) using crude blood stage parasite extract 
as capture antigen.  Standard curves were obtained in a 
sandwich ELISA with six dilutions of  myeloma proteins 
of  IgG1-4 subclasses and for total anti-malarial IgG and 
IgM antibodies, with highly purified IgG and IgM respec-
tively. ELISA for the determination of  anti-malaria anti-
bodies was carried out using the methods described by 
Troye-Blomberg et al.29 and Perlmann et al.30 with some 
modifications31. 

Antigen preparation: The F32 strain of  P. falciparum 
was maintained in continuous culture as described by Jen-
sen and Trager (1978) and kept synchronized by repeat-
ed treatment with sorbitol. When parasitaemia was 10% 
or more with over 70% of  the parasites at the schizont 
stage, late stage parasites were isolated on 60% percoll 
and sonicated to yield the crude P. falciparum antigen 
(Malaria antigen(MA)32. This preparation was used at a 
concentration of  10µg/ml.

ELISA: Ninety-six-well ELISA plates (Costar, Cam-
bridge, MA, USA) were coated with MA and capture an-
tibodies in sodium carbonate buffer (pH 9.6) (50 µl/well) 
and incubated overnight at 4oC. The optimal concentra-
tion for coating the crude blood stage antigen was 10µg/
ml for all isotypes/classes. As capture antibodies for hu-
man immunoglobulins (standards), plates were coated 
with goat anti-human IgG (goat-α-huIgG) (Jackson Im-
munoResearch Laboratories, Sweden) for IgG, IgG1 and 
IgG2; mouse- α-huIgG (BD Biosciences Pharmingen, 
USA) for IgG3 and IgG4; and goat- α-huIgM (Jackson 
ImmunoResearch Laboratories, Sweden). 

After blocking at 37oC with 100 µl/well of  carbonate buf-
fer containing 0.5% Bovine serum albumin (BSA) (w/v) 
for 2 hours, plates were washed four times with ELISA 
washing buffer (20×) solution (phosphate-buffered NaCl 
+ Tween 20 + 0.15% Kathon) (Mabtech, Sweden). The 
test sera and controls were diluted in incubation buffer 
(PBS+ 20% NaN3 + Tween + 0.5% BSA) as follows: 
for determination of  antigen-specific IgG (1:1000), IgG 
subclasses (1:20 for IgG2 and IgG4, 1:400 for IgG1 and 
IgG3) and IgM (1:500). Plasma dilutions were added in 
duplicates and incubated for 1hour at 37oC.  

Bound IgG and IgM antibodies were detected with alka-

line phosphatase conjugated to goat-α-huIgG-ALP and 
goat-α-huIgM-ALP respectively (1:2000) (Mabtech, Swe-
den). IgG subclasses were detected with their respective 
mouse anti-human; IgG1 (1:1000) (SkyBio, Bedfordshire, 
UK), IgG2 (1:3000) (Pharmingen, Erembodegem, Bel-
gium), IgG3 (1:1000) (Caltag laboratories,Paisley, UK), 
IgG4 (1:2000) (Sigma, St Louis, USA). Mouse anti-hu-
man IgG2-G4 antibodies were conjugated to biotin. ALP 
conjugated to streptavidin (Mabtech, Sweden) (1:2000) 
was added to enhance enzyme bound for IgG2-G4 while 
ALP- conjugated goat anti-mouse IgG (Dakropatts, 
Glostrup, Denmark) was used for IgG1 (1:1000). The 
plates were developed with para-nitrophenyl phosphate 
(pNPP) (Sigma-Aldrich, USA) as substrate and optical 
densities (OD) were read at 405nm using the VmaxTM 
Kinetic microplate reader (Menlo Park, USA). 

Concentrations of  anti-malarial antibodies were calculat-
ed from standard curves obtained in a sandwich ELISA 
with six dilutions of  myeloma (whole molecule) proteins 
of  IgG1-4 isotypes (Biogenesis, Poole, England) and for 
total anti-malarial IgG and IgM antibodies with highly 
purified IgG and IgM (Jackson ImmunoResearch Labo-
ratories, USA) respectively. Seropositivity was based on 
mean antibody levels (µg/ml) + 2SD of  6 non-malaria 
exposed Swedish donors. The results were expressed and 
deduced from log-log correlative coefficient of  the stan-
dard curve.

Definitions and statistical methods
Data were analysed using SPSS version 17. Age and parity 
was categorized as follows: age (≤ 20, 21-25, >25) years; 
parity (primiparae, secundiparae and multiparae (≥ 3 preg-
nancies). The number of  doses of  IPTp-SP prescribed at 
the ANC was defined as; no IPTp-SP, 1 dose and ≥ 2 
doses. Placental malaria infection was defined as the pres-
ence of  parasites and/or pigment detected by placental 
blood microscopy and placental histologic examination 
and thus classify as active, past and no infection. Placental 
malaria parasitisation and placental IVS monocyte/mac-
rophage counts were expressed as percentages per 1000 
IVS cells. 

Antibody concentrations were log transformed and test-
ed for normality using one-Sample Kolmogorov Smirnov 
test before analyses. We applied a logarithmic transfor-
mation based on 2 + log (Ig isotype) to allow for zero. 
The distribution of  P. falciparum specific IgG departed 
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significantly from normality in several cases, particularly 
with respect to total IgG, IgG1 and IgG3. Thus, differ-
ences in mean antibody levels between group variables 
were evaluated by Mann-Whitney rank sum test (MW). 
Normally distributed antibodies (IgG2, IgG4 and IgM) 
were compared between groups using independent-sam-
ple t-test. Correlations were assessed by Spearman rank 
correlation coefficient (r). Several exploratory multilinear 
regression (MLR) (enter) models were run with each anti-
body isotype as the dependent variable to examine the in-
fluence of  parity, PM infection and IPTp-SP on antibody 
levels. Statistical significance was set at p < 0.05. 

Results
Characteristics of  the study participants
A total of  271 parturient women were enrolled consecu-
tively into the study. The characteristics of  the study pop-

ulation are shown in Table 1. Primiparous mothers (19.7 
± 2.5years) were significantly younger (p < 0.001) than 
multiparous mothers (25.7 ± 4.4years). There were no 
differences in SP doses received during pregnancy among 
women of  the different parity groups. Thirty-one percent 
(66/213) of  mothers were identified with placental IVS 
macrophage/monocyte infiltration with a mean mono-
cyte/macrophage count of  0. 21% (range: 0.05 – 11.5). 
PM infection was significantly (p < 0.001) associated 
(OR= 39.69; 95%CI: 9.43-167.07) with the presence of  
monocyte/macrophage in the placental IVS.

Maternal isotypic antibody seropositivity rates and levels
The most prominent differences in proportions among 
IgG subclasses were seen for P. falciparum-specific IgG1 
and IgG3. The seropositivity rates varied from 49.1% for 
IgG4, to 64.6% for IgG2, to 96.5% for IgG1 and 96.7% 
for IgG3 (Figure 1). 

 

Figure 1: Distribution of maternal P. falciparum -specific isotypic antibody seropositivity   
rates and levels in plasma from 271 Cameroonian parturient women 

Generally, isotypic antibody positivity rates were com-
parable among age, parity and IPTp-SP dosage groups. 
Higher mean titres of  IgG1 and IgG3 compared to IgG2 
and IgG4 were recorded (Figure 1). Levels of  IgG1(r = 

0.813; p < 0.001), IgG2 (r = 0.437; p < 0.001), IgG3(r 
= 0.776; p < 0.001) and IgM (r = 0.479; p < 0.001) cor-
related significantly with total P falciparum-specific IgG 
whereas there was no association (p = 0.111) between 
total IgG and IgG4. 
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* Value in parenthesis represents number of study participants 
   $ 3 missing data; &4 missing data 
    # defined as presence of parasites and/or pigment detected by placental  
blood microscopy and placental histology  

Factor            %(n)* 

Age(years)$ 

≤ 20 

21-25 

>25 

        

         31.7 (85) 

         35.5 (95) 

         32.8 (88) 

Parity 

Primiparae 

Secundiparae 

Multiparae 

  

            33.2 (90) 

          27.7 (75) 

          39.1 (106) 

IPTp-SP dosage& 

1 dose 

≤ 2 doses 

No IPTp 

  

          43.1 (115) 

          46.8 (125) 

         10.1 (27) 

#Prevalence of placental malaria 

infection                            

           

          60.9 

(165)                           

Prevalence of placental malaria 

parasitaemia 

             

         37.3 (101) 

Table 1: Characteristics of the study participants (N= 271) at delivery  
                         from Mutengene, South West Region 

Table 2: Correlation between IgM and IgG subtypes specific for crude blood stage P. falciparum  in 
parturient Cameroonian women 

 
 

 

 

 

 

 

 

 

 

 

 

  

             Comparison 

                                             All women 

                        rs                          p 

IgG1 vs IgG2 0.275 < 0.001 

IgG1 vs IgG3 0.652 < 0.001 

IgG1 vs IgG4 0.139 0.114 

              IgG1 vs IgM 0.440 < 0.001 

IgG2 vs IgG3 0.289 < 0.001 

IgG2 vs IgG4 0.109 0.299 

              IgG2 vs IgM 0.001 0.993 

 IgG3 vs IgG4 0.002 0.978 

IgG3 vs IgM 0.461 < 0.001 

IgG4 vs IgM 0.120 0.175 
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ly with levels of  IgG1 and IgG3 whereas IgG4 did not 
show a relationship with any of  the isotypic antibodies 
measured (Table 2).

There was a significant positive correlation among lev-
els of  IgG1, IgG2 and IgG3. IgM correlated significant-



Table 3: Association of mean (± SD) levels of P falciparum-specific isotypic antibodies  
with maternal age, parity, IPTp-SP dosage and PM infection 

 

              
              # defined aspresence of   parasites and/or pigment detected by placental blood microscopy and placental histology, Ab =   Antibody isotype,  PM= Placental      
                        malaria, REF= Reference. P-values were obtained by use of *Mann-Whitney U test and & Student t test to compare antibody levels, P< 0.05 = significant 

Factor/Ab isotype IgG              *p IgG1            *p IgG2           &p IgG3         * p IgG4          & p IgM                 & p 
Age(years) 

≤ 20 

21-25 

>25 

        

3.46 ± 0.44    0.080 

3.51 ± 0.52    0.566 

3.57 ± 0.50    REF 

  

3.45 ± 0.42  0.003 

3.53 ± 0.40  0.120 

3.62 ± 0.34   REF 

  

1.43 ± 0.70     0.027 

1.45 ± 0.63     0.022 

1.70 ± 0.57     REF 

  

2.71± 0.68    0.009 

2.88 ± 0.55   0.263 

2.99 ± 0.45   REF 

  

1.49 ± 0.59    0.060 

1.27 ± 0.65    0.756 

1.22 ± 0.74    REF 

  

3.08 ± 0.50     0.646 

3.22 ± 0.45     0.042 

3.04 ± 0.66     REF 
  

Parity 

Primiparae 

Secundiparae 

Multiparae 

  

  

3.43 ± 0.51    0.024  

3.50 ± 0.46    0.184 

3.59  ± 0.48     REF 

  

  

 3.46 ± 0.43   0.007 

 3.51 ± 0.39  0.060 

 3.62 ± 0.35   REF 

  

  

1.40 ± 0.65     0.008 

1.43 ± 0.64     0.018 

1.70 ± 0.59     REF 

  

  

2.67 ± 0.63  <0.001 
2.88 ± 0.57   0.140 
3.02 ±  0.47  REF 

  

  

1.37 ± 0.64     0.442 

1.39 ± 0.62     0.358 

1.26 ± 0.73     REF 

  

  

3.10 ± 0.48      0.492 

3.09 ± 0.56      0.436 

3.16 ± 0.60      REF 

  
IPT-SP (doses) 

One  

Two or more  

  

3.60 ±  0.42  0.006   

3.41 ± 0.54    REF 

  

3.60 ± 0.38  0.031 

3.49 ± 0.40  REF 

  

1.56 ± 0.68     0.911 

1.55 ± 0.59     REF 

  

2.89 ± 0.57   0.201 

2.79 ± 0.59   REF 

  

1.38 ± 0.63   0.155 

1.20 ± 0.72   REF 

  

3.18 ± 0.54   0.043 

3.03 ± 0.55   REF 
 PM infection 

Positive 

Negative 

  

3.56 ± 0.43  0.234 

3.45 ± 0.56 

  

3.58 ± 0.37  0.06 

3.47 ± 0.43 

  

1.56 ± 0.61   0.413 

1.48 ± 0.67 

  

2.89 ± 0.54   0.65 

2.83 ± 0.63 

  

1.48 ± 0.59  <0.001 

1.07 ± 0.73 

  

3.17 ± 0.53   0.029 

3.03 ± 0.56 

Isotypic antibody levels, maternal age, parity and 
IPTp-SP dosage 
Age and parity had a significant effect on anti-P falci-
parum-specific IgG, IgG1, IgG2 and IgG3 levels. Young-
er (≤ 20years) mothers and primiparous women had 
significantly lower mean IgG1, IgG2 and IgG3 antibody 
levels compared with older mothers (> 25years) and mul-

tiparous women (Table 3). Levels of  IgG1 and IgG3 were 
similar between mothers within the 21-25years and older 
(> 25years) age groups as well as between secundiparous 
and multiparous women. Secunduparous women and 
mothers within 21- 25years age group had significant-
ly lower IgG2 levels when compared with multiparous 
women and older mothers (> 25years) respectively (Table 
3). 
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Levels of  IgG4 and IgM were comparable among age and 
parity groups. Among women who took IPTp-SP, IgG 
(P = 0.006) and IgG1 (P = 0.031) antibody levels were 
significantly lower in mothers who had taken two or more 
SP doses when compared with levels of  those who had 
a single dose. Conversely, higher IgM (P = 0.043) levels 
were seen in mothers who had one dose compared with 
those who had multiple doses. IgG2, IgG3 and IgG4 lev-
els did not vary with SP dosage (Table 3).

Isotypic antibodies, PM infection and IVS mono-
cyte/macrophage infiltration
PM infection was associated with a statistical signifi-
cant increase in levels of  IgG4 (p < 0.001) and IgM (p 
= 0.029) when compared with levels seen in uninfected 

mothers (Table 3). Compared to mothers with malaria 
negative placentas, those with active infection had signifi-
cantly higher levels of  IgG1 (t = 2.03; p = 0.043), IgG4 
(t = 2.62; p = 0.01) and IgM (t = 2.53; p = 0.012). There 
were no statistically significant differences between iso-
typic antibody levels and past infection except for IgG4 
where significantly higher (t = 3.37; p = 0.001) levels 
were seen in women with past infection compared with 
those without infection. Mothers seropositive for IgG4 
(37.6%) were more likely to have placental monocyte/
macrophage infiltration (OR = 1.83; 95% CI: 1.05-3.17; 
p = 0.031) compared with those seronegative for IgG4 
(24.8%). No significant differences were observed be-
tween other antibody isotypes and presence of  placental 
monocyte/macrophage infiltration.



Confounding influences on isotypic antibody levels
Several exploratory MLR (enter) models were ran to as-
sess the independent factors associated with the levels of  
antibody isotypes. Since maternal age strongly correlated 
(r = 0.781; p < 0.001) with parity, age was not included 
in the model. In general, the factors in the models were 
poor predictors of  the different isotypic antibody lev-

els to P falciparum crude blood stage antigen (Table 4).  
Nonetheless, parity, PM infection and IPTp-SP dosage 
had a significant effect on IgG and IgG1 levels (Table 4). 
On the other hand, parity significantly affected levels of  
IgG2 (P = 0.005) and IgG3 (P < 0.001). PM infection 
remained associated with IgG4 (P = 0.002) while PM in-
fection (P = 0.014) as well as IPTp-SP dosage (P = 0.043) 
significantly influenced IgM levels (Table 4). 

Table 4: Multiple linear regression analyses examining the influence of independent variables on each antibody isotype 
 

 Antibody 
isotype 

            N Independentvariable β-value P-value R2 

  
IgG 

  
235 

Parity 
PM 

SP dosage 

0.084 
0.133 

      -0.195 

0.025 
0.045 
0.002 

0.07 
  

  
IgG1 

  
231 

Parity 
PM 

SP dosage 

0.084 
-0.153 
-0.109 

0.005 
0.003 
0.029 

0.08 

  
IgG2 

  
150 

Parity 
PM 

SP dosage 

0.175 
-0.146 
-0.053 

0.005 
0.610 
0.168 

0.06 

  
IgG3 

  
232 

Parity 
PM 

SP dosage 

0.181 
-0.092 
0.116 

<0.001 

 

Association of  isotypic antibody ratios and PM in-
fection
Different immunoglobulin isotypes can react with the 
same epitopes and thus in different ways influence the 
course of  an infection. IgG4 may interfere with the pro-
tective effect of  IgG subtypes (1-3). Thus, we evaluated 
the ratio of  IgG1 and/or IgG2 and/or IgG3 to IgG4 

and/or IgG2 in relation to PM infection status. The mean 
IgG1 + IgG3/IgG2 + IgG4 and IgG1 + IgG2 +IgG3/ 
IgG4 ratios were significantly higher among the uninfect-
ed group while higher mean IgG4/IgG2 ratio was seen in 
women with PM infection compared with those without 
infection. There was no statistical difference between pla-
cental infection status and mean IgG/IgM or IgM/IgG 
ratios (Table 5).  

5: Comparison of ratios of isotypes against crude P. falciparum blood stage antigen between 
infected and uninfected parturient mothers at delivery 

 

                                 Placental malaria infection# 

                           Ratio PM infected PM uninfected *p 

IgG1/IgG4 2.98 4.02 0.07 

IgG2/IgG4 1.25 1.64 0.211 

IgG3/IgG4 2.39 3.27 0.074 

IgG1 + IgG3/ IgG2 5.00 5.26 0.524 

IgG1+ IgG3/IgG2 + IgG4 2.42 3.47 0.009 

IgG1 + IgG2 +IgG3/IgG4 6.81 9.60 0.011 

IgG1 + IgG2 +IgG3/IgG4 + IgM 1.80 2.02 0.073 

IgG4/IgG2 1.20 0.72 0.003 

IgG/IgM 1.14 1.19 0.275 

IgM/IgG 0.90 0.90 0.323 
  

                                                 # Presence of parasites and/or pigment detected by placental blood microscopy and placental   histology,  
                                *P values were determined by the non-parametric Kruskal Wallis test; p< 0.05 = significant 
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Discussion
This study determined IgG isotypic antibody response 
pattern to crude P. falciparum blood stage antigen in 
plasma from Cameroonian parturient women and inves-
tigated antibody levels in relation to PM infection. P. fal-
ciparum-specific IgG1, IgG4 and IgM levels increased in 
response to PM infection. 

Antibody responses to a crude P. falciparum blood stage 
extract in parturient women were predominantly cy-
tophilic given the higher levels and prevalence rates of  
IgG1 and IgG3 subclasses seen relative to IgG2 and 
IgG4. These findings are in accordance with reports from 
previous studies13,15,20. Similarly, VSAPAM -specific IgG 
subclass responses in pregnancy are dominated by IgG1 
and IgG3 antibodies as reported by Megnekou et al.13 and 
Eliott et al.15. Cytophilic antibodies are usually produced 
together15. In line with this,  levels of  parasite-specif-
ic IgG1 correlated strongly with IgG3 levels. IgG2 is a 
non-cytophilic antibody and correlated significantly with 
IgG1 and IgG3 suggesting that in addition to IgG3, IgG2 
could also be of  major importance in protection against 
P. falciparum infection. Moreover, parasite-specific IgG2 
levels have been reported to increase with age and higher 
in the older individuals who have progressively developed 
an efficient protective immunity16,21. In line with this, lev-
els of  IgG, IgG1, IgG2 and IgG3 antibodies significantly 
increased with age and exposure (measured as antibody 
reactivity to schizont extract). In conformity with previ-
ous reports15, IgG4 levels did not correlate with total-IgG 
nor with subtypes suggesting that IgG4 does not make up 
a major component of  the IgG response to P. falciparum 
antigens. Studies have investigated the half-lives of  the 
antibodies directed against merozoite antigens33-34. In a 
Nigerian study, IgG2 and IgG4 responses to EBA (eryth-
rocyte binding antigen) - 175 showed significantly shorter 
half-lives compared to IgG1, IgG3 and total IgG. It is 
suggested that the shorter half-lives of  IgG2 and IgG4 
might explain why these subclasses are usually considered 
to be less important in protection against malaria34.

The isotypic antibody distribution pattern observed in 
the study population was influenced by parity, IPTp-SP 
dosage and PM infection. This is consistent with recent 
findings from studies in the same area35 and elsewhere36. 
Although parity, IPTp-SP dosage and PM infection were 
significantly associated with antibody titres, these factors 

were generally poor predictors of  isotypic antibody re-
sponses to P. falciparum blood stage antigens. Similar-
ly, a study carried out in Yaoundé and Etoa showed that 
maternal age, parity, asymptomatic parasitemia and drug 
usage were generally poor predictors of  IgG and sub-
class-specific responses to non-PAM type VSA13. How-
ever,  our findings confirm previous reports from Camer-
oon11,12,13 and Mozambique 10 showing that levels of  IgG 
antibodies (with the exception of  IgG4) against P. falci-
parum antigen not specifically associated with pregnancy 
increase with parity. The correlation observed between 
antibody levels and parity can be explain by the fact that 
mothers of  higher parities were older in age and conse-
quently may produce higher levels of  IgG antibodies due 
to age-dependent immunity. The role of  age-associated 
anti-parasite immunity in limiting P. falciparum infection 
among multigravid women in areas of  high transmission 
has been suggested37. A study in Uganda showed that 
naturally acquired immunity to serine repeat antigen-5 
(SE36) and merozoite surface protein-1 (MSP119 and 
MSP142) in pregnant women were associated with re-
duced placental parasitaemia23.

The recent implementation of  IPTp in the mt Cameroon 
area has undoubtedly improved antimalarial protection, 
reducing placental malaria parasitaemia38. Conversely, a 
successful regime of  IPTp could decrease exposure to 
malaria during pregnancy and antibody titres to key ma-
larial antigens could decline2. In line with this, lower levels 
of  IgG, IgG1 and IgM in response to P. falciparum an-
tigens were observed in mothers who took two or more 
SP doses. Moreover, we previously showed that women 
on two or more SP doses were less likely to be infected24. 
The impact of  IPTp-SP on maternal immunity and on 
foetal transplacental immunity in malaria endemic regions 
has important implication on the infant’s susceptibility to 
malaria early in life. Interestingly, a one –year follow-up 
study of  infants from birth in the same study area showed 
that infants born to mothers on two or more doses of  
IPTp-SP were more vulnerable to clinical episodes35. 
This reduced protection of  these infants to malaria may 
be attributed to lower IgM levels in these mothers and 
their 1-year-old infants which suggest that the reduced 
immunity may be linked to the reduced maternal expo-
sure to the parasite during pregnancy. It is possible that 
IPTp might affect infant immune response by reducing 
levels of  transplacental passage of  maternal antibodies39 
or decrease in utero sensitisation to malarial antigens40-41.
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Plasma from parturient women with and without PM in-
fection revealed that infection during pregnancy boosts 
antibody responses where higher titres of  IgG1, IgG4 
and IgM to crude blood stage antigen were associated 
with placental malaria parasitaemia infection. Studies in 
Mozambique10, Malawi15 and Saudi42 have also reported  
higher levels of  specific IgG to variant surface antigens 
in association with PM infection.  Increased maternal an-
tibody levels reflect past or current exposure to P. falci-
parum prior to delivery, consistent with previous sugges-
tions10,13.
 
To the best of  our knowledge, we report here for the first 
time an association between levels of  anti-malarial specif-
ic IgG4 and PM infection in parturient women. On the 
contrary,exposure to placental malaria was not associated 
with induction of  VSAPAM-specific IgG4 subtype in a 
previous study15. It has been hypothesised that the profile 
of  IgG subclass response induced during infection may 
differ mainly with the type of  antigen and possibly poly-
morphisms in antigens43-44.  Findings of  this study showed 
higher IgG4/IgG2 ratios observed in women with infec-
tion. Aucan et al.21 observed that the positive correlation 
of  IgG4 with the risk of  infection was stronger when 
IgG2 levels were low. More so, a recent study in Saudi 
investigated the patterns of  antibody isotype in relation 
to relative risk of  malaria infection in pregnant women 
and observed significantly higher levels anti-malarial IgG, 
IgG2 and IgG4 in women with asymptomatic malaria in-
fection compared with those without infection42. 
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