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Abstract 

Introduction  Malaria, a widespread tropical disease, remains a significant global health issue, resulting in numer-
ous deaths each year. In Ghana, malaria is a leading cause of illness, contributing to a large proportion of hospital 
outpatient visits. The study assessed the pattern of malaria and vector IgG antibody levels among suspected malaria 
patients seeking healthcare at selected health facilities across Ghana.

Methods  Samples from a total of 823 participants aged 1 to 85 years with clinical malaria from the ten regions 
of Ghana were recruited into the study. Archived plasma obtained from each participant was used to assess antibody 
responses against MSP1 (19 k), MSP2 (FC27 & 3D7), MSP3, gSG6-P1, and GLURP-RO using ELISA. The data were cat-
egorized according to study site, age group, gender, and diagnostic tests. Data were analyzed using Kruskal–Wallis’s 
statistics. The statistical significance was assessed at 0.05.

Results  The mean ± standard error of the mean (S.E) of MSP3 IgG concentration for the different age groups were 16, 
847 ± 3, 031 ng/mL for 0–4 years, 18, 973 ± 4,357 ng/mL for 5–10 years, 25,961 ± 5,436 ng/mL for 11–15 years and 76, 
244 ± 8, 209 ng/mL for ≥ 16 years. A significant (Kruskal–Wallis statistic = 122.6, p < 0.0001) increase in P. falciparum MSP 
3 (p < 0.0001) and gSG6-P1(p < 0.0001) IgG concentration was observed with increasing age categories. There were 
significant differences in antibody responses against MSP2 (FC27) IgG (Kruskal–Wallis statistic = 29.63, p = 0.0005), 
MSP3 IgG (Kruskal–Wallis statistic = 32.53, p = 0.0002), GLURP-RO IgG (Kruskal–Wallis statistic = 52.8, p < 0.0001) 
and gSG6-P1 IgG (Kruskal–Wallis statistic = 152.8, p < 0.0001) across the study regions.

Conclusion  The study reveals that IgG against merozoite surface proteins MSP3, GLURP-RO, and gSG6-P1 
but not MSP1 and MSP2 antibodies increase with age. The mean IgG antibody concentrations varied in the selected 
regions of Ghana. A longitudinal study where confounding factors are controlled for is recommended to provide 
insights into the development of immunity and antibody efficacy, and to enhance the effectiveness of malaria pre-
vention efforts in Ghana. This will help improve the overall understanding of malaria transmission.
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Introduction
Malaria, a tropical disease affecting 249 million people 
globally, caused 608,000 deaths in 2020 [1, 2]. In 2022, 
the African region was home to 94% of malaria cases (233 
million) and 95% (580,000) of malaria deaths [3]. Over 
65% of global deaths in children under five in 2021 was 
a result of malaria [4]. Ghana is malaria endemic coun-
try and has malaria accounting for about 40% of hospital 
outpatient visits [5, 6].

Pregnant women and under five children face the high-
est risk of malaria due to their reduced immune sta-
tus. This has prompted the introduction of enhanced 
interventions and preventive measures for pregnant 
women and young children, informed by the analysis 
of geographic patterns and the underlying factors that 
contribute to malaria transmission [7]. Antibody lev-
els in children aged 6–36 months are generally low and 
increase with age [7, 8]. The increased exposure of older 
children to malaria results in higher levels of anti-malaria 
specific antibodies, some of which were associated with 
protection from clinical malaria and increased infected 
erythrocytes (IE) agglutination activity [8, 9].

 Antibodies  against  gSG6-P1 salivary gland  peptide 
from Anopheles gambiae has been associated with recent 
exposure to An. gambiae and An. funestus mosquitoes 
in Africa [10, 11]. Immune responses against gSG6-P1 
is linked to human P. falciparum infection, likely result-
ing from recent mosquito bites [11–13].The Plasmo-
dium  merozoite membrane is composed of merozoite 
surface proteins (MSPs), including MSP1 (attached 
directly), MSP6 (joined via protein–protein interactions), 
and MSP9 (associated via protein–protein interactions) 
[14, 15]. MSPs interact with erythrocyte surfaces, play-
ing a crucial role in invasion [16]. P. falciparum mero-
zoites, when invading erythrocytes, were susceptible to 
circulating malaria antibodies resulting from naturally 
acquired immunity (NAI) [17]. MSPs have been linked to 
clinical malaria protection, with mechanisms involving 
antibody-dependent cellular inhibition (ADCI), opsonic 
phagocytosis (OP), and complement-mediated lysis [17]. 
Residents in malaria-endemic regions develop partial 
immunity against clinical malaria mediated by IgG that 
reduce parasitaemia and clinical symptoms [18].

Plasmodium falciparum infections maintain strain-
specific anti-merozoite antibodies, with increased FC27 
alleles causing higher antibody titers to MSP2-Dd2, but 
not MSP2-Ch150/9 [19]. An MSP1-C1 combination vac-
cine was developed but showed unacceptable reacto-
genicity [20–22]. On the contrary, GLRUP-RO antibodies 
are  associated with a decrease in  P. falciparum density 
[19]. Also, other studies have reported GLRUP-RO anti-
bodies to offer antimalarial protective immunity to peo-
ple living in malaria-endemic areas [19, 22]. Multiclonal 

infections, involving diverse P. falciparum  clones, can 
benefit the host by increasing the breadth and diver-
sity of antibodies the host produces. Such diverse anti-
bodies would reduce the risk of clinical illness due 
to malaria  infections caused by any of the previously 
encountered parasites.

The study assessed the pattern of malaria parasite and 
vector IgG responses in suspected malaria patients seek-
ing healthcare at selected health facilities in Ghana.

Method
Study site and population
This study used archived plasma samples retrieved from 
a parent project ‘Determining whether histidine-rich 
protein gene deletions causing negative histidine-rich 
protein II (HRP2) rapid diagnostic test (RDT) results 
among suspected patients with confirmed P. falciparum 
malaria have reached a threshold for change in diagnos-
tic strategy’. All the samples used in this study had their 
parasitological data (Microscopy, RDT and PCR) pub-
lished [23–26]. Samples used for this study had consent 
for future use.

The parent study collected samples between May 
and August 2021 from suspected malaria patients who 
received healthcare from ten health centres. The main 
study collected more than 19,000 malaria samples and 
this study is analyzing a small portion of the samples col-
lected. Archived  samples from 823 participants aged 1 
to 85  years from ten regions of Ghana  namely Central, 
Greater Accra, Western, Western North, Oti, Eastern, 
and Volta Region in the Southern zone and three regions 
thus Ahafo, Bono, and Bono East Region in the Middle 
zone was used for the study. (Fig. 1).

Sample size calculation
Yasmane sample size calculation was used;

n = N/(1 + (N*e^2); n = 19000/(1 + (19000*0.05^2) = 3
91.75 = 392 for each study zone. Hence, the total sample 
size = 784.

n = sample size, N = Sample collected by the parent 
study, e = margin of error.

We included a total of 823 samples  for the two study 
zones.

Sample collection and processing
In the parent study, 1.0 ml of whole blood was collected 
from each participant and the plasma was separated from 
the red blood cells and both stored independently at 
−20℃. The 823  plasma samples used in this study  were 
subsequently thawed and used to quantify antibody 
responses against  MSP1 (19  k), MSP2 (FC27), MSP2 
(3D7), MSP3, GLURP-RO and gSG6-P1 antigens.
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Determination of IgG Levels by Indirect Enzyme‑Linked 
Immunosorbent Assay (ELISA)
IgG antibody levels against MSP1 (19 k), MSP2 (FC27), 
MSP2 (3D7), MSP3, gSG6-P1, and GLURP-RO were 
quantified by indirect Enzyme-Linked Immunosorb-
ent Assay [10, 11, 19]. A 96 well NUNC Maxisorp 
ELISA plate coated with recombinant antigens of MSP1 
(19 k), MSP2 (FC27), MSP3, RO, and gSG6-P1 at 1 μg/
well and 0.5  μg/well of MSP2 (3D7) in phosphate-
buffered saline (PBS, pH 7.4) and incubated overnight 
at 4 °C. The plate was washed three times with 250 μl/
well PBS-T (0.05% Tween-20) wash buffer. 200  μl of 
blocking buffer containing 3% skimmed milk in PBS 
was used to block the unbound regions in the wells 
and incubated for an hour. The plate was then washed 
three times and the diluted plasma, positive and nega-
tive samples obtained from a pool of seropositive and 
seronegative individuals respectively were incubated in 
duplicate at 100  μl/well for an hour at room tempera-
ture. The plates were washed three times and incubated 
for an hour with 100 μl/well of 1:3000 dilution of goat 
antihuman IgG-HRP (Thermo Scientific) at room tem-
perature. The plates were finally washed and incubated 

with peroxidase substrate 3,3’,5,5’-tetramethylbenzidine 
(TMB) for 12 min. 100 µl of 0.2 mM sulfuric acid was 
added to stop the enzymatic reactions and the opti-
cal densities (ODs) for the contents in the wells were 
read at 450 nm using a Multiskan FC Thermo Scientific 
ELISA plate reader.

Statistical analysis
The OD values obtained from the ELISA plate reader 
(Thermo Scientific Multiskan FC) were converted into 
weighted concentrations (wConc) using ADAMSEL (Ed 
Remarque, BPRC, Netherlands), a four-parameter fit-
ting program. All data were entered into Microsoft Excel 
(Microsoft Corp., Redmond, WA, USA), and the statisti-
cally analyzed with GraphPad Prism software, version 
9.0.2 (GraphPad Software, San Diego, CA, USA). The 
data was categorized according to study sites, age groups, 
gender, and diagnostic tests. The Kruskal–Wallis statis-
tics were used to assess statistical significance across the 
various categories and Mann–Whitney U statistics to 
compare statistical significance differences between two 
groups. All p-values less than 0.05 were considered statis-
tically significant.

Fig. 1  Ghana Map indicating study regions
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Results
Demographic characteristics of the study participants
All  the 823 samples tested positive for  P. falciparum 
malaria by the rapid diagnostic test. The median age 
(range) of the participants was 11 (1–85) years and the 
median body temperature (range) was 37.60 (35.20–
40.30) oC (Table  1). The mean (S.E of the mean) over-
all concentration of P. falciparum MSP1 (19  K), MSP2 
(FC27), MSP2 (3D7), MSP3, and GLURP-RO IgG were 
122,574 (7884) ng/mL, 31,234 (2477) ng/mL, 89,902 
(6559) ng/mL, 44,613 (3635) ng/mL, and 19,277 (1051) 
ng/mL respectively. Also, the mean (S.E of the mean) of 
mosquito vector gSG6-P1 IgG was 3,430 (110.7) ng/mL 
(Table 2; Fig. 2).

P. falciparum MSP1 (19 k), MSP2 (FC27) and MSP2 (3D7) IgG 
concentration decreases with increasing age categories
The MSP 1 (19  k) IgG concentrations were observed to 
decrease gradually with increasing age. The 0–4  years 
age group had the highest concentration of 163, 266 ± 24, 

779  ng/mL (mean ± S.E), which gradually decreased 
across the increasing age categories with the age 
group ≥ 16 years having the lowest MSP 1 (19 k) IgG con-
centration of 101,888 ± 9,715 ng/mL. The decrease in IgG 
concentrations however, was not statistically significant 
(Kruskal–Wallis statistic = 1.396, p value = 0.7064) (Fig. 3 
a).

A similar observation was seen for MSP2 (FC27) IgG 
concentration which also decreased gradually from the 
0–4 years age group (mean ± S.E) was 47,044 ± 9.552 ng/
mL through to the age group 11–15  years, 22,445 ± 5, 
283  ng/mL and a slight increase in the IgG concentra-
tion in the age group ≥ 16 years 30, 999 ± 3,744 ng/mL but 
there was no significant difference across the age groups 
(Kruskal–Wallis statistic = 5.468, p-value = 0.1406) 
(Fig.  3 b). Interestingly, MSP2 (3D7) IgG concentration 
remained fairly stable across the age groups (Fig. 3 c).

P. falciparum MSP3 GLURP‑RO, and Salivary gland peptide 
(gSG6‑P1) IgG concentration increases with increasing age
P. falciparum MSP3 IgG concentration increases with 
increasing age. The mean ± S.E of MSP3 IgG concen-
tration for the age groups were 16, 847 ± 3, 031  ng/mL 
for 0–4  years, 18, 973 ± 4,357  ng/mL for 5–10  years, 
25,961 ± 5,436  ng/mL for 11–15  years and 76, 244 ± 8, 
209  ng/mL for ≥ 16  years. The Kruskal–Wallis statis-
tic = 122.6, p < 0.0001 showed a significant increase in P. 
falciparum MSP3 IgG concentration in the increasing 

Table 1  Demographic characteristics of the study population

Characteristics Overall (National)

Age, median (range, 95% CI)/yrs 11 (1–85, 9–12)

Temperature, median (range, 95% CI)/
oC

37.60 (35.20–40.30, 37.50–37.70)

Table 2  The mean and median distribution of Plasmodium 
falciparum and mosquito vector IgG

Plasmodium falciparum IgG antibody
  MSP1 (19 K), n/N (%) 823/823 (100)

  Mean, S.E (95% CI) 122,574, 7884 (3120–40431)

  Median (Interquartile Range) 34,952 (11,038–117,926)

  MSP2 (FC27), n/N (%) 817/823 (99.3)

  Mean, S.E (95% CI) 31,234, 2477 (26,371–36,097)

  Median (Interquartile Range) 13,267 (7197–26,964)

  MSP2 (3D7), n/N (%) 820/823 (99.6)

  Mean, S.E (95% CI) 89,902, 6559 (77,027–102777)

  Median (Interquartile Range) 29,994 (10,920–85871)

  MSP3, n/N (%) 818/823 (99.4)

  Mean, S.E (95% CI) 44,613, 3635 (37,479–51,748)

  Median (Interquartile Range) 10,704 (5530–31316)

  GLURP (RO), n/N (%) 812/823 (98.7)

  Mean, S.E (95% CI) 19,277, 1051 (17,215–21,339)

  Median (Interquartile Range) 11,446 (6938–19,709)

Mosquito vector IgG antibody
  gSG6-P1, n/N (%) 805/823 (97.8)

  Mean, S.E (95% CI) 3430, 110.7 (3212–3647)

  Median (Interquartile Range) 2739 (1600–4313)

Fig. 2  The mean distribution of P. falciparum and mosquito vector 
merozoite IgG against merozoite surface antigens (MSP1, MSP2 
(FC27), MSP2 (3D7), MSP3, and GLURP-RO) and mosquito vector 
antigen (gSG6-P1)



Page 5 of 12Asare et al. BMC Infectious Diseases         (2024) 24:1374 	

age categories. The Mann–Whitney U showed a sig-
nificant difference between the age group 0–4 years and 
11–15  years (p < 0.0001) and between 0–4  years 
and ≥ 16  years (p < 0.0001), however, there was no sig-
nificant difference between the IgG in the age group 
0–4  years and 5–10  years (p = 0.169). There was also a 
significant difference between the other age categories 
(Fig.  3 d). P. falciparum GLURP-RO IgG concentration 
increases with increasing age (Kruskal–Wallis statis-
tic = 104.1, p < 0.0001). Except for GLURP-RO IgG y con-
centrations in the 0–4  years and 5–10  years (p = 0.078), 
5–10 years and 11–15 years (p = 0.129) age groups. There 

were highly significant differences in the IgG concen-
trations across the age groups (Fig.  3 e). The Salivary 
gland peptide (gSG6-P1) IgG concentration increases 
with increasing age categories (Kruskal–Wallis statis-
tic = 114.8, p < 0.0001). The Mann–Whitney U showed a 
significant difference between the age group 0–4  years 
and 5–10  years (statistic = 11,426, p = 0.016), between 
0–4  years and ≥ 16  years (statistics = 8705, p < 0.0001), 
between 5–10  years and 11–15  years (statistics = 6347, 
p = 0.0015) and between 11–15 years and ≥ 16 years (sta-
tistics = 9420, p = 0.0019) (Fig. 3 e).

Fig. 3  P. falciparum and mosquito vector IgG antibody concentration across age categories. a The MSP 1 (19 k) IgG antibody concentration 
was observed to decrease gradually with increasing age. b MSP2 (FC27) IgG antibody concentration which also decreased gradually 
from the 0–4 years age group. c MSP2 (3D7) IgG antibody concentration remained fairly stable across the age groups. d MSP3 IgG antibody 
concentration increases with increasing age. e GLURP-ROIgG antibody concentration increases with increasing age. f The Salivary gland peptide 
(gSG6-P1) IgG antibody concentration increases with increasing age categories. The Kruskal–Wallis statistics were used to assess statistical 
significance across age categories and Mann–Whitney U statistics to compare statistical significance differences between age groups. > 0.05 
(non-significant), < 0.05 (* = significant), > 0.01 (** = significant), < 0.001 (*** = highly significant), < 0.0001 (**** = highly significant)
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Comparison of P. falciparum IgG in participants 
with and without fever
The concentrations of IgG against selected P. falcipa-
rum MSP1 (19  k), MSP2 (FC27), MSP2 (3D7), MSP3 
and GLURP-RO antigens and mosquito salivary gland 
gSG6-P1 antigen was compared between participants 
with normal and high body temperatures to under-
stand the modulatory role of the IgG. There was a 
high P. falciparum MSP1 IgG among participants with 
high body temperature ranging between ≥ 37.5  °C 
(mean ± S.E = 132,492 ± 11, 613  ng/mL) compared to 
participants with normal body temperature ranging 
between < 37.5 °C (mean ± S.E = 108,343 ± 9,499 ng/mL). 
However, there was no significant difference in MSP1 
median IgG between the participants with normal and 

high body temperature (Mann–Whitney U = 79,883, 
p = 0.535) (Fig. 4 a). There was also no significant differ-
ence in the MSP2 (FC27) IgG among participants with 
high body temperature (mean ± S.E = 30,191 ± 2,915 ng/
mL) compared to participants with normal body 
temperature (mean ± S.E = 32,690 ± 4,325  ng/mL), 
p = 0.2519 (Fig. 4 b). Similarly, there was no significant 
difference in the MSP2 (3D7) IgG among participants 
with high body temperature compared to participants 
with normal body temperature, p = 0.1844 (Fig.  4 c). 
Again, there was no significant difference between in 
P. falciparum MSP3 IgG among participants with high 
and low body temperature, Mann–Whitney U = 76,418, 
p = 0.1577 (Fig.  4 d). Also, there was no significant 
difference in the concentration of GRURP-RO IgG 

Fig. 4  IgG against selected P. falciparum antigens and mosquito salivary gland antigens between normal and high body temperature. a MSP1 
median IgG antibody between the participants with normal and high body temperature. b MSP2 (FC27) IgG antibody among participants with high 
body temperature. c MSP2 (3D7) IgG antibody among participants with high body temperature compared to participants with normal body 
temperature. d MSP3 IgG antibody among participants with high body temperature compared to participants with normal body temperature. e 
GRURP (RO) IgG antibody between the participants with normal and high body temperature. f gSG6-P1IgG antibody between the participants 
with normal and high body temperature. Mann–Whitney U statistics was used to assess the statistical significance between normal and high body 
temperature. > 0.05 (non-significant), < 0.05 * = significant)
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antibody between the participants with normal and 
high body temperature (Mann–Whitney U = 75,965, 
p = 0.2492) (Fig.  4 e) and the concentration of gSG6-
P1 IgG between the participants with normal and 
high body temperature (Mann–Whitney U = 76,469, 
p = 0.4879) (Fig. 4 f ).

Regional distribution of Plasmodium falciparum 
and mosquito vector IgG
The P. falciparum and mosquito vector IgG across the 
various study regions were compared for the antibody 
distribution. The result showed that there were signifi-
cant differences in the distribution of MSP2 (FC27) IgG 
(Kruskal–Wallis statistic = 29.63, p = 0.0005), MSP3 IgG 
(Kruskal–Wallis statistic = 32.53, p = 0.0002), GLURP-
RO IgG (Kruskal–Wallis statistic = 52.8, p < 0.0001) and 
gSG6-P1 IgG (Kruskal–Wallis statistic = 152.8, p < 0.0001) 
across the study regions (Table 3).

P. falciparum and mosquito salivary gland IgG antibody 
levels across the study regions
The overall mean distribution of P. falciparum and vec-
tor salivary gland IgG was compared to the individual 
regional mean distribution and the inter-regional of the 
antibodies. There was no significant difference in the 
overall P. falciparum MSP1 (19 K) compared to the indi-
vidual regional distributions of the IgG, p > 0.05. How-
ever, there were significantly higher levels of P. falciparum 
MSP1 (19 K) IgG in the Western region compared to the 
Ahafo region (Mann–Whitney U = 1771, p = 0.0152) and 
the Central region (Mann–Whitney U = 1734, p = 0.0077) 
as well as the Eastern region compared to the Central 
region (Mann–Whitney U = 4120, p = 0.0409) (Fig. 5 a).

There was also a significant difference in the distri-
bution of P. falciparum MSP2 (FC27) (Fig.  5 b), MSP3 
(Fig. 5 d), GLURP-RO (Fig. 5 e), and gSG6-P1IgG across 
the study regions (Fig. 5 f ). Interestingly, there was a sim-
ilar distribution of P. falciparum MSP2 (3D7) IgG across 
all study regions (Fig. 5 c).

Discussion
In malaria-endemic regions, as individuals grow older, 
the prevalence of malaria tends to decrease, along with 
the burden of parasites and the incidence of anaemia 
[27, 28]. Thus, adults in malaria-endemic communities 
develop immunity that reduces parasite density leading 
to chronic malaria and asymptomatic infection [29, 30]. 
Malaria immunity develops slowly after repeated expo-
sures, impacting clinical outcomes [31]. Age dependent 
naturally acquired antibodies has been evaluated based 
on past and present exposure [32]. Antibodies signifi-
cantly enhance immunity against P. falciparum malaria, 
but their impact on naturally infected individuals and 

age-related increase remains unclear. Indeed, the pro-
tective immune responses against various merozoite 
antigens, including MSP1 (19 k), MSP2 (FC27 and 3D7), 
MSP3, GLURP-RO, and mosquito exposure antigen 
(gSG6-P1), remain unclear. High antibodies may reduce 
parasite burden and result in milder disease, but the 
mechanisms were complex [27, 32].

The study found that P. falciparum MSP1 IgG antibody 
concentration decreases with age, with the highest con-
centration in 0–4  years and gradually decreasing across 
older individuals. This suggests a potential decrease in 
the protective effect of MSP1 antibodies in malaria-
endemic areas [33, 34] or that these antibodies are used 
up to clear early parasites infection. The absence of sig-
nificant associations between variant-specific serology or 
functional antibodies and infection suggests other factors 
may contribute to malaria susceptibility in adults [35].

MSP1-42 is processed into MSP1-33 and MSP1-19 dur-
ing merozoite invasion, facilitating invasion and targeting 
the host immune response [36]. However, recent trials 
in western Kenya showed no protective efficacy against 
malaria infection, highlighting the ineffectiveness of IgG 
for older age groups [37, 38]. Age increases malaria-spe-
cific antibody responses in children under 5  years old, 
and antibodies targeting MSP2 from FC27 and 3D7 para-
site strains did not increase across age groups.

The study reveals a notable trend of increased concen-
trations of MSP3, GLURP-RO, and gSG6-P1IgG with 
increasing age groups. This observation suggests that 
older individuals tend to have higher levels of antibod-
ies targeting these malaria antigens compared to younger 
age groups [19]. The increase in antibody concentrations 
with age may reflect cumulative exposure to malaria par-
asites over time, leading to the development of a more 
robust immune response [39, 40]. These findings are con-
sistent with the concept of acquired immunity to malaria, 
wherein repeated exposure to the parasite results in the 
development of protective immune responses [40]. The 
merozoite surface proteins MSP3 and GLURP-RO, par-
asite antigens released when mature schizont-infected 
erythrocytes burst are also exposed to host immune 
defences. One of these antigens, GLURP-R0, is included 
in a current malaria vaccine candidate known as GMZ2. 
The GMZ2 is a chimeric vaccine composed of the R0 
fragment of GLURP-R0 fused to MSP3 has been reported 
to offer anti-malaria protective immunity and is  associ-
ated with low malaria density in Ghana [19, 22]. Anti-
bodies targeting both GLURP-R0 and MSP3 have been 
implicated in the acquisition of protective immunity to 
malaria [19, 41].

The study reveals an increase in gSG6-P1IgG, which 
target the salivary protein produced by Anopheles mos-
quitoes, indicating exposure to mosquito bites and 
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malaria transmission. This suggests that older individu-
als have higher levels of antibodies compared to younger 
individuals. The increase in gSG6-P1IgG with age likely 
reflects cumulative exposure to mosquito bites over time 
[10, 11].

A study conducted in  vitro using PvMSP1-19 recom-
binant protein found that the binding affinity of malarial 
and dengue antigens to monoclonal antibodies increased 
significantly at 40 °C and was further enhanced with ther-
mal equilibration [42]. The study suggests that fever can 
enhance antibody-antigen binding and protein–protein 
affinity, particularly for limited samples, highlighting the 
adaptive nature of fever as a host defence mechanism 
against pathogens [42–44]. However, comparing the 
antibody concentration between study participants with 
and without fever showed that there was no significant 
association between the levels of body temperature and 
malaria or mosquito vector IgG. It implies that the effec-
tiveness of high body temperature might not be solely 
dependent on the quantity of antibodies present in circu-
lation. Instead, it suggests that elevated body temperature 
could enhance the quality of antibodies by improving 

their affinity to the antigen they’re targeting [45, 46]. 
This could potentially lead to a more efficient immune 
response, even with a similar antibody concentration [42, 
43].

The regional variation in Plasmodium falciparum 
and mosquito vector IgG concentrations across Ghana 
could be attributed to differences in malaria transmis-
sion intensity, environmental factors, socioeconomic 
and public health disparities, host immunity, and mos-
quito vector species. Regions with higher transmission 
rates experience more frequent exposure to P. falciparum 
and mosquito bites, leading to elevated antibody levels. 
Additionally, regions with better access to control inter-
ventions have lower exposure and antibody levels.One 
limitation of this study is the choice to use a cross-sec-
tional design, as this will only provide information at a 
single time point. Secondly, the study did not account for 
potential confounding factors like previous differences 
in malaria control measures.

A longitudinal study is recommended to assess anti-
body effectiveness by controlling confounding fac-
tors, to provide insights into immunity development 

Fig. 5  P. falciparum and mosquito salivary gland IgG against selected antigens across the study regions. a MSP1 (19 K) IgG antibody, b MSP2 (FC27) 
IgG antibody, c MSP2 (3D7) IgG antibody, d MSP3 IgG antibody, e GRURP (RO) IgG antibody, f gSG6-P1IgG antibody levels across the study regions. 
Mann–Whitney U statistics was used to assess the statistical significance between study regions. > 0.05 (non-significant), < 0.05 (* = significant), > 0.01 
(** = significant), < 0.001 (*** = highly significant), < 0.0001 (**** = highly significant)
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and antibody effectiveness, and to enhance the effec-
tiveness of malaria prevention efforts in Ghana. This 
will help improve the overall understanding of malaria 
transmission.

In conclusion, the study shows that the IgG against 
merozoites surface proteins MSP3 and GLURP-RO 
increase with increasing age groups contrarily MSP1 
(19  k) and MSP2 (FC27 and 3D7) IgG did not increase 
with increasing age groups. Also, the IgG against the 
gSG6-P1salivary peptide increase with increasing age 
groups. Except for MSP2 (3D7), all the IgG antibody 
concentrations measured in the study showed variations 
across the different regions of Ghana.
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