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Purpose: Haemoglobin genotype S is known to offer protection against Plasmodium

falciparum infections but the mechanism underlying this protection is not completely under-

stood. Associated changes in acute phase proteins (APPs) during Plasmodium falciparum
infections between Haemoglobin AA (HbAA) and Haemoglobin AS (HbAS) individuals also
remain unclear. This study aimed to evaluate changes in three APPs and full blood count
(FBC) indices of HbAA and HbAS children during Plasmodium falciparum infection.
Methods: Venous blood was collected from three hundred and twenty children (6 months to
15 years) in Begoro in Fanteakwa District of Ghana during a cross-sectional study. Full blood
count (FBC) indices were measured and levels of previously investigated APPs in malaria
patients; C-reactive protein (CRP), ferritin and transferrin measured using Enzyme-Linked
Immunosorbent Assays.

Results: Among the HbAA and HbAS children, levels of CRP and ferritin were higher in
malaria positive children as compared to those who did not have malaria. The mean CRP
levels were significantly higher among HbAA children (p=0.2¢-08) as compared to the
HbAS children (p=0.43). Levels of transferrin reduced in both HbAA and HbAS children
with malaria, but the difference was only significant among HbAA children (p=0.0038), as
compared to the HbAS children. No significant differences were observed in ferritin levels
between HbAA and HbAS children in both malaria negative (p=0.76) and positive (p=0.26)
children. Of the full blood count indices measured, red blood cell count (p=0.044) and
haemoglobin (Hb) levels (p=0.017) differed between HbAA and HbAS in those without
malaria, with higher RBC counts and lower Hb levels found in HbAS children. In contrast,
during malaria, lymphocyte and platelet counts were elevated, whilst granulocytes and Mean
Cell Haematocrit counts were reduced among children of the HbAS genotypes.
Conclusion: Significant changes in APPs were found in HbAA children during malaria as
compared to HbAS children, possibly due to differences in malaria-induced inflammation
levels. This suggests that the HbAS genotype is associated with better control of
P. falciparum infection-induced inflammatory response than HbAA genotype.

Keywords: acute phase response, APR, acute phase proteins, APP, Plasmodium falciparum,

C-reactive protein, ferritin, transferrin

Introduction
The pathophysiological response to infection with Plasmodium falciparum
(P. falciparum) depends on several different factors including previously acquired

immunity and the production of cytokines such as interleukin-1 (IL-1) and TNF-q,
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IFN-y, and interleukin-6 (IL-6)." In malaria infections, initial
inflammatory responses are noted to be beneficial in redu-
cing parasite growth.* On the other hand, when the prolif-
eration of the parasites are not suppressed, the increased
number of infected erythrocytes (IEs) will end up interfering
with haemodynamics leading to anaemia, and stimulate
sequestration of IEs in the microvasculature.*

Although the body releases anti-inflammatory cyto-
kines such as IL-10, IL-4, IL-17, and IL-13 to balance
the undesirable effects of pro-inflammatory cytokines,®®
the acute phase response (APR) is the hallmark response,
purposeful to prevent any inflammation-mediated damages
to tissues, activate the repair process and remove harmful
molecules.” It is characterized by changes in the serum
concentration of some proteins, known as acute phase
proteins (APPs), increasing the levels of positive acute-
phase proteins and decreasing the levels of negative acute-
phase proteins.'™!'" Secretion of the APPs occurs in the
hepatocytes and their synthesis is controlled mainly by IL-
6 and other pro-inflammatory cytokines, such as TNF-a
and IFN-y, released during P. falciparum infection.”'%'2

Since an inflammatory response is a hallmark of the
early innate immune response in malaria, previous studies
have established a positive correlation between expression
of some APPs and severity of P. falciparum malaria, and
proposed the possibility of using APR to predict the sever-
ity of malaria."!° However, in malaria-endemic areas,
some hereditary factors, especially for the sickle-cell trait
carriers (haemoglobin type AS),'? have been and are under
natural selection because they confer relative protection
against severe malaria disease.'*'® Despite this, the asso-
ciated changes in APPs concentration between HbAA and
HbAS individuals during malaria remain unclear.

Based on the above, we investigated the levels of three
APPs: CRP, serum ferritin and serum transferrin in chil-
dren with HbAS and HbAA. These proteins are crucial
markers of inflammation, and have been investigated by
previous studies in malaria patients.'®'""' Also we com-
pared changes in full blood count (FBC) indices in the
children and how they associate with P. falciparum infec-
tion. The data from this study suggest that the HbAS
genotype is associated with better control of
P falciparum malaria-induced inflammatory response
than the HbAA genotype, with resultant milder APR dur-
ing P. falciparum infection/malaria in children with the
HbAS genotype compared to the HbAA genotype. This
observation could potentially explain the relative protec-
tion against severe malaria in HbAS children.

Materials and Methods

Ethical Statement

The School of Medical Sciences, Kwame Nkrumah,
University of Science and Technology (KNUST), Ghana,
Committee on Human Ethics and Publication approved
this study (CHRPE/AP/308/19), Permission was also
sought from the Begoro District Hospital and approval
was given for the facility to be used as the study site.
The study complied with the Helsinki declaration for con-
Written
informed consent was obtained from each parent/guardian

ducting research involving human subjects.

of all study participants.

Study Design and Population
The study was cross-sectional and was conducted at the
Begoro District Hospital in the Fanteakwa District in the
Eastern Region of Ghana. It has an area of 1150 square
kilometres and lies within longitudes “0°32.5” West and
“0°10” East and Latitude 6°40’, with an average tempera-
ture of 24°C. The study population comprised of indivi-
duals between the ages of 6 months to 15 years who came
to the out-patient department (OPD) of the Begoro District
Hospital with clinical signs of malaria and were referred to
the laboratory by a Physician for a malaria test. A simple
random sampling procedure where every other suspected
child reporting to the laboratory for testing was recruited
in the study between May to August 2019 (rainy season in
Ghana), 320 children were recruited using a proportionate
rate of malaria prevalence in the Fanteakwa district to be
28% at 95% confidence interval, and 5% margin of error.
The children were tested for malaria with a rapid diag-
nostic test (RDT), and microscope slides prepared for
Giemsa staining for the malaria parasite density estimation.
Participants haemoglobin were phenotyped and those with
HbAA and HbAS phenotype (HbAA=258, HbAS=62) were
prioritized for blood sampling (male=146, female=174).
Venous blood samples (2—3 mL) were collected into ethyle-
nediaminetetraacetic acid (EDTA) tubes from participants
whose parent or guardian consented to donate blood and
were clinically examined and those who were not severely
ill were allowed to participate in the study. Blood samples
were immediately separated by centrifugation and plasma
stored frozen at —30°C until ready to be used. Concurrently,
few drops of the remaining pelleted RBCs were spotted on
filter papers (Whatman, USA) and preserved at —30°C for
retrospective molecular analysis (PCR) to confirm malaria
RDT and microscopy results. The weight (kg) and Height
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(m) of the children were measured and used in calculating the
body mass index (BMI) in Kg/m?.

Malaria Diagnosis and Haemoglobin

Phenotyping

The Carestart™ Ag P.f rapid diagnostic test kit (Access
Bio Inc. New Jersey, USA) was used for primary diagnosis
of malaria and confirmed it by microscopic examination of
10% Giemsa-stained thick blood films by two independent
experienced microscopists, using finger-pricked capillary
blood samples. Discordant microscopy results were re-
examined by a third microscopist. Parasite densities were
recorded as a ratio of parasites to white blood cells
(WBCs) in thick blood films, considering an assumed
WBC count of 8000/uL of blood.”® Also, retrospectively
DNA samples were extracted from the dried blood spots
(DBS), for molecular testing (PCR). Concurrently with the
blood films, slides were prepared from each participant for
a metabisulphite screening test and the Hb phenotype of
children with positive sickling metabisulphite test were
further determined using Hb electrophoresis.?’

Quantification of Full Blood Count

Indices and Acute-Phase Proteins

Full blood count (FBC) analysis was performed using the
URIT 3000 Plus Hematology Analyser (URIT Medical
Electronic Group, China) and plasma levels of human
ferritin and transferrin were measured using commercially
prepared ELISA kits from MyBioSource (Cat no:
MBS771449 and MBS773765 respectively, USA), accord-
ing to the manufacturer’s instructions. Also, the levels of
the C- reactive protein (CRP) was determined with
ELISA, by testing for the CRP antibodies in the plasma
against 2pg/mL of a commercially prepared CRP capture
antigen (R&D Systems). The detection ranges for the
ferritin kit, transferrin kit and CRP kit were 20ng/mL
—800ng/mL, 0.lnmol/L —8nmol/L, and 15.6 pg/mL -
1000pg/mL, respectively.

Data Analysis

Normality test was performed on the data and those not
normally distributed were log transformed. The demo-
graphics and clinical parameters of the children are pre-
sented as frequency and subgroup proportions and
compared them between malaria negative and positive
groups using Chi-Square test. While continuous variables
such as the FBC indices and the APPs were expressed as

mean + (SD) and compared between the HbAA and HbAS
and between malaria negative and positive using #-test or
Wilcoxon signed-rank test based on the normality of the
data. APPs data were log-transformed before analysis. All
analysis were performed with R version 3.6.3 and consid-
ered all p-values less than 0.05 at 95% CI to be statistically
significant.

Results
Patient’s Characteristics During

Plasmodium falciparum Infection
Comparison of the demographic and other related factors
between individuals who tested positive for P. falciparum
compared to the negative individuals revealed discrepancies
in how some of these factors were associated with
P falciparum infection. Assessment of age group, gender,
haemoglobin phenotype, Body Mass Index (BMI) status,
Insecticide treated nets (ITNs) use, clinical signs/symptoms
and the antimalarial history of the study participants were done
to determine their association with P. falciparum infection.
Gender, ITNs use and BMI did not significantly contribute to
the P. falciparum infection of the children (p>0.05) (Table 1).

However, after stratifying the data by age groups, children
aged above one year had a general tendency to test positive for
P falciparum compared to children younger than one year.
Children between the ages of 1-5 years (p=0.22) and 10-15
years (p=0.055) only exhibited a relatively higher risk of
developing P. falciparum infection compared to those below
one year, with corresponding odds of 1.53 and 2.10, respec-
tively. While P. falciparum infection risk among children
between the ages of 5-8 years was significantly higher
(p=0.028) compared to the children below 1 year. The hae-
moglobin genotype of the children also showed a significant
association with P. falciparum infection, with the infection
detection risk being 80.0% less likely among children who
are sickling positive (Hb AS) compared with the sickling
negative group (HbAA) (p-value <0.0001).

When the antimalarial history of the children and
P, falciparum infection was assessed, the children with anti-
malarial medication history <3 months were significantly
likely to test positive for P. falciparum compare to those
who did not present with antimalarial history (OR=2.34,
P-value = 0.018). While those who presented with an
unknown history (OR=1.39, P-value = 0.453) and antimalar-
ial history beyond 3 months (OR=1.98, p-value = 0.065) did
not significantly have a higher P. falciparum infection risk
compared to those with no antimalarial history. Individuals
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Table | Descriptive Summary of Demographic Information of the Study Participants

Variable Total (N=320) Plasmodium falciparum Infection Infection Detection rate P-value
) ” (95% CI)
Negative, n (%) Positive, n (%)
145 (45.3) 175 (54.7)

Age category

<| year 48 (15.0) 28 (19.4) 20 (11.4) | (reference)

1<5 years 113 (35.4) 54 (37.5) 59 (33.7) 1.53 (0.77-3.03) 0.222

5-9 years 93 (29.2) 36 (25.0) 57 (32.6) 2.22 (1.094.51) 0.028

1015 years 65 (20.4) 26 (18.1) 39 (22.3) 2.10 (0.98—4.48) 0.055
Gender

Female 174 (54.4) 85 (58.6) 89 (50.9) | (reference)

Male 146 (45.6) 60 (41.4) 86 (49.1) 1.37 (0.88-2.13) 0.166
Hb phenotype

HbAA 258 (80.6) 98 (67.6) 160 (91.4) | (reference)

HbAS 62 (19.4) 47 (324) 15 (8.6) 0.20 (0.10-0.37) <0.0001
History of antimalarial

None 42 (13.4) 26 (17.9) 17 (9.7) | (reference)

Unknown 42 (13.1) 22 (15.2) 20 (11.4) 1.39 (0.59-4.72) 0.453

<3months 134 (41.9) 53 (36.6) 8l (46.3) 2.34 (1.16-4.72) 0.018

23months 101 (31.6) 44 (30.3) 57 (32.6) 1.98 (0.96—4.10) 0.065
Signs/symptoms

Fever 264 (82.5) 108 (74.5) 156 (89.1) 2.81 (1.54-5.15) 0.001

Headache 108 (33.8) 46 (31.7) 62 (35.4) 1.18 (0.74-1.88) 0.486

Chills 55 (17.2) 12 (8.3) 43 (24.6) 3.61 (1.82-7.15) <0.0001

Vomiting 78 (24.4) 17 (11.7) 61 (34.9) 4.03 (2.23-7.30) <0.0001

Diarrhea 21 (6.6) 12 (8.3) 9 (5.1 0.60 (0.25-1.47) 0.264

Anaemia 178 (55.6) 65 (44.8) 113 (64.6) 2.24 (1.43-3.52) <0.0001
Use of ITNs 230 (71.9) 105 (72.4) 125 (71.4) 0.95 (0.58-1.56) 0.845
BMI Status

Normal weight 240 (80.3) 99 (76.7) 141 (82.9) | (reference)

Underweight 16 (5.4) 10 (7.8) 6 (3.5) 0.42 (0.15-1.20) 0.105

Overweight 29 (9.7) 13 (10.1) 16 (9.4) 0.86 (0.40-1.87) 0.712

Obese 14 (4.7) 7 (54 7 4.1) 0.70 (0.24-2.20) 0.521

Note: P-value in bold font is < 0.05 is statistically significant.

who presented with clinical symptoms of fever, chills, anae-
mia and vomiting were more observed among the
P falciparum positive children compared to the negative
children (p-value <0.05) but symptoms like headache and
expectedly diarrhoea, did not significantly defer among the
P, falciparum positive and negative individuals (p>0.05).

Changes in Full Blood Count Indices and
Acute Phase Proteins During Plasmodium

falciparum Infection
To investigate the effect of haemoglobin genotype on
changes in the FBC indices and acute-phase proteins, the

full blood count (FBC) indices and levels of the acute
phase proteins during P. falciparum infection, the data
was stratified into P. falciparum positive and negative.
Within each group, levels of the FBC indices and the
acute phase proteins between children with HbAA and
HbAS genotype were compared (Table 2). Without
P falciparum infection, levels of most FBC indices did
not significantly differ between the HbAA and HbAS
children, except in their RBC count (p=0.044) and Hb
(p=0.017). with
P falciparum infection, significant differences were
observed in the levels of lymphocytes (LYM) (p=0.026),

levels However, among those

submit your manuscript

1418

Dove

Journal of Inflammation Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Tetteh et al

Table 2 Changes in FBC Indices and Acute Phase Proteins During Plasmodium falciparum Infection

Variables Plasmodium falciparum Positive Children Plasmodium falciparum Negative Children
HbAA Mean | HbAS Mean | Total Mean | p-value | HbAA Mean | HbAS Mean | Total Mean | p-value
(sd) (sd) (sd) (sd) (sd) (sd)

C-Reactive Protein 23.2 (68.5) 9.6 (6.8) 22.3 (66.3) 0.428 18.9 (62.8) 11.2 (14.6) 17.7 (57.9) 0.422
(vg/mL)

Ferritin (ug/L) 661.4 (217.8) 591.2 (98.8) | 654.2 (209.6) 0.177 646.8 (241.5) | 600.1 (154.7) | 628.2 (211.7) 0.272
Transferrin (nmol/L) 5.8 (1.2) 6.2 (1.5) 5.8 (1.3) 0.136 6.4 (1.4) 6.4 (1.5) 6.4 (1.5) 0.974
RBC 43 (2.3) 4.3 (0.5) 43 (22) 0.892 4.7 (0.4) 5.6 (7.2) 4.8 (2.9) 0.044
WBC 82 (3.1) 74 (2) 8.1 (3) 0.302 9.2 (3.9) 9.6 (3.9) 9.2 3.9) 0.535
LYM. 34.9 (17.8) 44.3 (14.7) 35.6 (17.8) 0.026 44.5 (36.6) 51.7 (66.7) 45.6 (42.7) 0.308
GRAN. 56.3 (19.2) 46.6 (15.9) 55.6 (19.1) 0.032 48.1 (18.2) 488 (16.7) 48.2 (18) 0.810
MID. 9.1 (3.1) 9.2 (2.3) 9.1 (3) 0.843 9.2 (2.7) 9 (2.5) 9.2 (2.6) 0.669
PLT 208 (128.8) 284 (144.2) 214.1 (131.4) | 0.014 342.2 (125.7) | 372.1 (115.4) | 347.1 (124.3) 0.158
HGB 10.3 (1.9) 10 (1.4) 10.3 (1.9) 0.546 11.3 (1.2) 10.9 (1.3) 1.3 (1.3) 0.017
HCT 31.7 (5.9) 30.9 (4.4) 31.6 (5.8) 0.598 34.8 (3.7) 33.6 (3.9) 34.6 (3.8) 0.064
MCV 75.6 (6.1) 72.9 (5.9) 75.4 (6.1) 0.067 744 (5.9) 73.7 (5.6) 74.3 (5.9) 0.471
MCH 24.5 (2.2) 233 (1.9) 244 (2.2) 0.026 243 (2.1) 23.8 (2) 242 (2.1) 0.186
MCHC 324 (1.3) 323 (1.5) 324 (1.3) 0.554 326 (1) 324 (1.3) 32,6 (1) 0.186

Note: P-value in bold font is < 0.05 is statistically significant.
platelets (PLT) (p=0.014), Granulocytes (GRAN) than the P. falciparum negative children (Figure 2).

(p=0.032) and MCH (p=0.026) counts between the
HbAA and HbAS children. Mean CRP level was signifi-
cantly elevated from 17.7+57.9 pg/mL in the P. falciparum
negative population to 22.3+66.3 pg/mL in the malaria
positive individuals (Table 2), and the CRP levels between
the two groups was significantly different (p=7.2e-09)
(Supplementary Figure S1). However, it was only the
individuals with the HbAA genotype that exhibited sig-
nificantly elevated CRP levels during P. falciparum infec-

tion (p=0.2e-08) (Figure 1A). A weak positive correlation
between age and ferritin and transferrin, and negative
correlation between age and c-reactive protein were
observed. However, no correlation was observed between
age and the distribution of HbAA and HbSS (Table 2).
Similarly, the mean serum ferritin level also increased
from 628.2+211.7 pg/L in the P. falciparum negative chil-
dren to 654.2 £209.6 pg/L in the positive children (Table
2), but neither the HbAA nor HbAS P. falciparum positive
children had a significant elevated serum ferritin levels

Overall, between the HbAA and HbAS individuals, in
both the P. falciparum positive and negative children, the
CRP and ferritin levels were relatively elevated among the
HbAA children than in the HbAS individuals during
P. falciparum infection (Table 2, Figures 1 and 2).
Unlike the C-reactive protein and ferritin, transferrin
levels were rather negatively associated with malaria, gen-
erally decreasing from 6.4+1.5 nmol/L in the P. falciparum
5.8+1.3 the
P falciparum positive individuals (Table 2). In the

negative individuals to nmol/L  in
P falciparum negative group, no significant differences
were observed in the transferrin levels between the
P falciparum negative HbAA (6.4+1.4 nmol/L) and
HbAS (6.4+1.5 nmol/L) individuals (p= 0.974).

However, in the malaria positive group, there was an
appreciable lower but not statistically significant mean
transferrin levels (5.8 £1.2 nmol/L) in the HbAA indivi-
duals as compared to the HbAS individuals (6.2 + 1.5
nmol/L) (p=0.136). Overall, the serum transferrin levels
significantly plummet in the HbAA individuals during
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Figure | C-reactive protein levels between HbAA and HbAS individuals during Plasmodium falciparum infection. The left panel (A) compares the C-reactive protein levels
between P. falciparum positive and negative HbAA individuals and the right panel (B) shows C-reactive protein levels between P. falciparum positive and negative HbAS
individuals. The x-axis shows malaria status and the y-axis is the log C-reactive protein levels (ug/mL). (C and D) compares the levels of C-reactive proteins in children who
were malaria negative and those who were diagnosed to be malaria positive in respect to their genotypes respectively.
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malaria (p=0.004) but not in the HbAS individuals (p=0.6)
(Figure 3).

Transferrin Significantly Decreased in
HbAA Individuals During Plasmodium

Infection/Malaria
Unlike the CRP and ferritin, levels of plasma transferrin
plummet upon Plasmodium infection, decreasing from 6.4
+1.5 nmol/L in the P. falciparum negative individuals to
5.8+¢1.3 nmol/L in the P. falciparum positive individuals
(Table 2). When the data were stratified into malaria posi-
tive and negative cases, in the P falciparum negative
group, the HbAS individuals had similar levels of plasma
transferrin as the HbAA individuals (p=0.974). However,
in the P. falciparum positive group, a lower mean trans-
ferrin level (5.8 £1.2 nmol/L) in the HbAA compared to
the HbAS individuals (6.2 + 1.5 nmol/L) was observed but
the difference was not statistically significant (p=0.136)
(Table 2).
Also,
a significant decrease in the plasma transferrin levels

upon P falciparum infection, there was
between the P. falciparum negative and P. falciparum
positive HbAA individuals (p=0.004) (Figure 3A), com-
pared to in the HbAS individuals (p=0.6) (Figure 3B).
However, between the HbAA and HbAS individuals, in
both the P. falciparum negative and positive individuals,
there was no significant change in the transferrin levels

(Figure 3B and C).

Discussion
In malaria-endemic areas, some hereditary factors, espe-
cially sickle-cell trait carriers (haemoglobin type AS),"
have been and are under natural selection because they
seem to confer relative protection against severe malaria
disease."* ' Hence, this study examined the changes in
concentration of C-reactive protein, plasma ferritin, plasma
transferrin and full blood count indices of HbAA and HbAS
Ghanaian children during malaria infection to determine
changes in APPs and acute phase response levels in
HbAA and HbAS individuals during P. falciparum malaria.
Previous studies have established a link between
changes in APPs concentrations with Plasmodium falci-
parum malaria and the ability to use the APR to predict the
severity of malaria.""'” Therefore, the dynamics of APPs
concentration during malaria has been extensively
studied."'®** However, the associated changes in APPs

concentration between HbAA and HbAS individuals dur-
ing malaria remain unclear.

This study observed elevated levels of ferritin and CRP
in the P. falciparum positive individuals compared to the
negative individuals, and these findings are consistent with
previous reports.''%** The levels of the CRP were signifi-
cantly elevated in the malaria positive children compared
to levels found in the malaria negative individuals

(p=7.2e-09). Additionally, ferritin levels marginally
increased in the malaria positive individuals than levels
in the malaria negative individuals (p=0.076)

(Supplementary Figure S2). It has been evidenced that

ferritin and CRP are positive acute-phase proteins, there-
fore their levels increases during inflammation. These
findings were expected since inflammatory response is
a hallmark of early innate immune response during malaria
infection.'

Between children with HbAA and HbAS genotypes,
changes in the CRP levels reached statistical significance
between P. falciparum positive and negative HbAA indivi-
duals (p=0.2¢-08) but not in the HbAS individuals (p=0.43).
Overall, more elevated levels of C-reactive protein and
ferritin were observed in HbAA children during malaria
compared to the HbAS children, suggesting a higher inflam-
matory response in the HbAA children during malaria than
in the HbAS children. A previous study by Ademoule et al
that compared pro-inflammatory cytokines levels between
HbAA and HbAS children also provides evidence that there
is a higher inflammatory response in HbAA than in HbAS
children during malaria.?'

There are reports that higher or elevated levels of
C-reactive protein attenuate the production of Nitric

Oxide (NO), a potent anti-malarial, >> ¢

achieved through
downregulation of endothelial NO synthase (eNOS) tran-
scription in Endothelial Cells (ECs) and destabilization of
eNOS mRNA, with resultant decreases in basal and stimu-
lated NO release.”® Hence, with the observed dispropor-
tionate significant increase in the CRP levels in the HbAA
children during P. falciparum infection, this might lead to
differentially lower bioavailability of NO in HbAA than in
HDbAS individuals during malaria, with a resultant lower
NO-mediated parasite clearance in them than in the HbAS.
Perhaps, this partially explains why this study observed
a significantly lower parasite density in the HbAS than in
the HbAA individuals (Supplementary Figure S3). Unlike

the CRP and ferritin levels, the serum transferrin levels

plummeted during P. falciparum infection, with the decline
reaching statistical significance in HbAA individuals
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Figure 3 Transferrin levels in HbAA and HbAS individuals during Plasmodium falciparum infection. The left panel (A) compares the transferrin levels between P. falciparum
positive and negative HbAA individuals and the right panel (B) shows the transferrin levels among HbAS individuals with malaria and those without malaria. The x-axis shows
malaria status, and the y-axis shows the Hb genotypes. In both panels (A&B) the y-axis represents log transferrin levels (nmol/mL). (C and D) compares the levels of
transferrin in children who were malaria negative and those who were diagnosed to be malaria positive in respect to their genotypes respectively.
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(p=0.004), but not in the HbLAS individuals (p=0.6).
Immunologically, transferrin is a known associate of the
innate immune system that creates a low free iron envir-
onment in the body, in a process known as iron withhold-
ing to impede bacteria survival in the body.?’ It is
a negative acute-phase protein and therefore generally
decreases during inflammation.”® In malaria, an inflamma-
tory response is a hallmark of the early immune responses
to P. falciparum infection. Therefore, the decline in trans-
ferrin levels observed in this study during P. falciparum
infection likely correlated with the malaria-induced
inflammatory response. Similar to the CRP and ferritin,
the declined in transferrin levels was pronounced in the
HbAA individuals than in the HbAS, also giving credit to
our initial assertion that there is a minimal inflammatory
reaction in HbAS individuals than HbAA during malaria
infection.

A plausible explanation for the differences in changes
to the APPs and inflammation between the HbAA and
HbAS children during malaria might be related to levels
of parasitemia between the two groups. We observed sig-
nificantly higher parasite density in the HbAA than in the
HbAS children, and this could indicate a possible inhibited
parasite growth in HbAS, as recently reported by Archer
et al.?” With the HbAA children harboring more parasites
than in the HbAS, there will be production of more para-
site biomass in the HbAA, which will cause more inflam-
matory reaction as compare to the HbAS children. Since
the APR is an anti-inflammatory response, it is explicable
why in the HbAA there is significant changes in APPs as
compare to in the levels found among HbAS individuals.
Therefore, it seems that the lower APR in the HbAS likely
involves retardation of parasite growth-mediated attenua-
tion of parasite-induced inflammation in the HbAS
children.

These differences in inflammation and APR between
the HbAA and HbAS individuals could also have potential
implications on cytoadhesion and sequestration of IEs.
One of the that define the
P. falciparum malaria is the ability of the parasites to

factors severity of
cytoadhere to endothelial receptors in the microvasculature
and sequester into deep tissues and organs.’® Several
in vivo and in vitro studies have reported that the release
of the pro-inflammatory cytokines such as interleukin-1
(IL-1) and TNF-a, IFN-y, and interleukin-6 (IL-6) during
P falciparum infection upregulates the expression and

With evidence of minimal inflammation in HbAS chil-
dren than in HbAA children observed in this study, this
might result in a minimal occurrence of inflammation-
induced expression and activation of cytoadhesion-
involved endothelial receptors in the HbAS than in the
HbAA. This could militate effective cytoadhesion and
sequestration of IEs in HbAS individuals than in the
HbAA, preventing and/or minimizing the occurrence of
cytoadhesion-related malaria pathologies, such as cerebral
malaria in HbAS than in HbAA individuals.

Conclusions

The dynamics of APPs levels during malaria has been
studied previously.''*** Nevertheless, this study is the
first to determine the associated changes in APPs levels
between HbAA and HbAS individuals during Plasmodium
falciparum infection.

Consistent with literature, we also observed the protec-
tive effect of the sickle-cell trait (HbAS) against Plasmodium
falciparum malaria in this study.'* '® Likewise, the evidence
of inflammation during Plasmodium falciparum infection
observed in this study has been reported previously.'®**-
However, this study provides evidence of reduced inflamma-
tion in HbAS individuals during Plasmodium falciparum
infection compared to in HbAA individuals.

Furthermore, we observed a significant link between
the differential inflammation in HbAS and HbAA indivi-
duals and APP levels, which suggests a differential APR
between HbAA and HbAS genotype children during
Plasmodium falciparum infection. The observed minimal
inflammation in the HbAS children implies there will be
minimal inflammation-induced expression and activation
of cytoadhesion in endothelial receptors in the HbAS
individuals during P. falciparum infection than in HbAA
children. An indication that, these could result in differ-
ences in NO levels in HbAA and HbAS children and its
resultant differential inflammation observed.

We can infer that controlling inflammation during
malaria could improve recovery or treatment outcome.
Therefore, we recommend that a study on the effect of
anti-inflammatory drugs in malaria treatment outcome
should be conducted in the future.
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