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Abstract 

The artemisinin-based combined therapy (ACT) post-treatment illness in Plasmodium falciparum-endemic areas 
is characterized by vague malaria-like symptoms. The roles of treatment modality, persistence of parasites and 
host proinflammatory response in disease course are unknown. We investigated the hypothesis that ACT 
post-treatment syndrome is driven by parasite genetic polymorphisms and proinflammatory response to 
persisting mutant parasites. Patients were categorized as treated, untreated and malaria-negative. Malaria 
positive samples were analyzed for Pfcrt, Pfmdr1, K13 kelch gene polymorphisms, while all samples were 
evaluated for cytokines (TNF-α, IL-12p70, IL-10, TGF-β, IFN-γ) and corticosteroids (cortisol and 
dexamethasone) levels. The treated patients exhibited higher levels of parasitemia, TNF-α, and cortisol, 
increased incidence of parasite genetic mutations, and greater number of mutant alleles per patient. In addition, 
corticosteroid levels declined with increasing number of mutant alleles. TGF-β levels were negatively 
correlated with parasitemia, while IL-10 and TGF-β were negatively correlated with increasing number of 
mutant alleles. However, IL-12 displayed slight positive correlation and TNF-α exhibited moderate positive 
correlation with increasing number of mutant alleles. Since post-treatment management ultimately results in 
patient recovery, the high parasite gene polymorphism may act in concert with induced cortisol and TNF-α to 
account for ACT post-treatment syndrome. 

Key words: Proinflammation, corticosteroids, cortisol, dexamethasone, gene polymorphism, persistent malaria, 
ACT. 

Introduction 
Plasmodium falciparum, transmitted by the 

Anopheles mosquito, is the most prevalent causative 
agent of malaria in sub-Sahara Africa. The course of 
clinical malaria in endemic areas is characterized by 
vague symptoms that are indistinguishable from 
other diseases preponderant in areas of malaria 
endemicity, resulting in difficulty in malaria 
definition bringing about over diagnosis coupled with 
overtreatment [1-2]. The clinical features of malaria 
include febrile illness and chills that can be induced 
by endogenous agents such as inflammatory 

cytokines and stress hormones. Malaria fever onset is 
parasite threshold dependent. The acceptable 
pyrogenic threshold is a minimum of 600 to 1500 
parasite per ml of blood for P. falciparum [3]. This 
concept of the relatedness of commencement of 
clinical malaria fever to parasitemia pyrogenic 
threshold is very important. However, the perpetual 
high prevalence of asymptomatic parasitemia in 
endemic areas makes parasite threshold alone 
insufficient for disease definition. Thus, it is 
compelling to determine the role of other central 
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players in those manifestations associated with 
persistent complaints of unwellness usually 
designated as malaria. In this respect, although there 
exists an emerging field of investigations regarding 
the altered physiological steady state evoked by 
possible elaborations of stress hormones and 
cytokines [4-7], this is not factored into therapeutic 
judgement due to the emphasis on the emergence of 
drug resistant genes. 

Resistance, defined as “the ability of a parasite to 
survive and/or multiply in the presence of a drug” 
[8], is of growing concern. Since the global adoption of 
Artemisinin Combination Therapy (ACT) as the 
first-line treatment for uncomplicated malaria in 2006, 
there are reports of decline in incidence of malaria and 
malaria-related mortalities between 2010 and 2015 [9], 
however, artemisinin resistance has been reported in 
Western Cambodia [10] and Southeast Asia [11] 
suggesting a possibility of occurrence in other parts of 
the world [12-14]. The selection of resistant genotypes 
has been associated with inadequate drug exposure 
either due to improper dosing, incorrect choice of 
therapeutic modality such as lack of commitment to 
use of the recommended ACT [15-16], poor 
pharmacokinetic properties, fake drugs, or other 
infections acquired during the drug elimination phase 
[8,17]. Several genes have been attributed to 
antimalarial drug resistance, for instance, chloroquine 
resistance in falciparum malaria is associated with 
point mutations in pfcrt gene [18-20], Pfmdr1 
mutations have been associated with resistance to 
chloroquine, quinine, monodesethylamodiaquine, 
mefloquine, lumefantrine, and dihydroartemisinin 
[21-22]. If genetic polymorphism translates into 
effective and functional phenotypes, then, the 
emerging polymorphisms in the kelch 13 (K13) 
propeller gene associated with artemisinin resistance 
in Southeast Asia [23-24] will arguably have 
devastating consequence on global plasmodium 
treatment. Importantly, there have not been any 
consistent reports of this mutation being present in 
Africa with one exception [25].  

Individual pathophysiologic response to 
antimalarial treatment varies and may be associable 
with stress, culminating in transient or sustained 
post-treatment unwellness without a defined role for 
parasite genetic polymorphism. For instance, 
glucocorticoids, such as cortisol and dexamethasone, 
have been shown to suppress the proinflammatory 
cytokines and their receptors, tipping the scale from 
Th1 to Th2 development and proinflammatory 
responses to anti-inflammatory responses [26]. 
Proinflammatory cytokines such as TNF-α, IL-12, and 
IFN-γ have been demonstrated to be essential 
mediators of protective immunity against erythrocytic 

malaria [27-28]. There is a lack of knowledge on 
whether overproduction of proinflammatory 
cytokines enhances the ability to control malaria 
infection or predisposes the patient to progress to 
severe malaria [29], which will require analysis of 
clinical samples in endemic areas. The relevant 
question here is whether post-treatment persistence of 
parasite in the blood accompanied by sustained 
unwellness of the patient is solely attributable to an 
infection by drug resistant malaria. We hypothesize 
that malaria-like post-treatment symptoms, even 
when malaria parasite is present in blood film in 
malaria-endemic areas, could be due to a combination 
of factors such as ACT drug effects, such as fatigue, 
mild to severe fever, nausea, mild chills, and dizzy 
spells, proinflammatory conditions, and impairment 
of regulatory cytokine functions. We tested this 
hypothesis by analyzing malaria positive blood 
samples that were categorized as (i) treated 
(previously received ACT treatment); and (ii) 
untreated (had not received ACT treatment); and an 
additional 8 malaria negative individuals as controls. 
Thus, this case-controlled design (ACT treated and 
untreated cases attending clinic) satisfied random 
interference with results by use of unprescribed 
drugs. The malaria-positive samples were analyzed 
for mutations in Pfcrt, Pfmdr1, and K13 kelch genes, 
while all samples were analyzed for levels of 
cytokines and corticosteroids.  

Materials and Methods 
Study Population and Samples 

The Ethics and Human Subjects Committee of 
College of Medicine, University of Lagos approved 
the protocol used for this study (Protocol # 
CMUL/HREC/05/17/205). Study participants 
and/or their guardians provided written informed 
consent and/or assent. The collaborating 
investigators at Centers for Disease Control and 
Prevention (CDC) obtained permission from the CDC 
Human Subjects Office to participate in the 
genotyping of the samples under anonymous 
conditions without access to any personal identifying 
information. 

Patient population represents individuals 
attending outpatient clinics in Lagos, Nigeria with 
complaints of clinical symptoms associated with 
malaria. All subjects of study were required to 
complete professionally supervised questionnaires. 
Twenty six patients with malaria positive blood 
(confirmed by microscopy and qPCR) were 
categorized into (i) 12 who were attending clinics after 
previous treatment for malaria using ACT (treated 
cases) and (ii) 14 who were attending clinics for the 
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first time with complaints associated with malaria and 
tested malaria-positive (untreated cases). The final 
serum sample size used for each category varies from 
3 to 10 depending on serum availability. An 
additional 8 samples were collected from a control 
group consisting of individuals who were without 
symptoms of acute illness during screening, had no 
evidence or history of chronic illness, and had no 
parasitemia in their blood upon examination. The 
drug of choice in this study is artemisinin-based 
combined therapy, which is a combination of 
artemether and lumefantrine. In all cases, venous 
blood collected in EDTA was examined for malaria 
parasites using microscopy techniques and qPCR. In 
addition, whole blood spotted on Whatman® #3 filter 
paper was preserved for molecular studies (genetic 
polymorphism and mutation). Extracted plasma was 
used for cytokine and corticosteroid studies. 

DNA Extraction 
Genomic DNA was isolated from blood spots or 

whole blood taken at enrollment using a QIAamp 
DNA minikit (Qiagen, Valencia, CA) following the 
manufacturer`s instruction and according to the 
methods described by [30]. The DNA was stored at 
-200C before use. 

Multiplex Photo-induced Electron 
Transfer-PCR for Plasmodium DNA 
Amplification 

DNA was screened in duplicate using the 
multiplex photo-induced electron transfer (PET)-PCR 
assay which used the P. falciparum-specific primer set, 
Pfrt364, according to the primer design and methods 
previously described by [31], forward primer 
5’-CCATTTTACTCGCAATAACGCTGCAT, reverse 
5’-CTGAGTCGAATGAACTAGTCGCTA C with the 
following primer modification; the 5`end of the 
reverse primers was modified with the PET tag and 
labeled with FAM (for the genus) and HEX (for P. 
falciparum).  

Quantitative Real-Time PCR for Plasmodium 
Detection 

Detection of Plasmodium species was performed 
via qPCR, which targeted the 18S rDNA gene, which 
is detected via a TaqMan real-time PCR assay as 
described by [31]. A cut-off CT value of 40.0 or below 
was used to indicate a positive result. 

Detection of K13, pfcrt, and pfmdr1 Gene 
Polymorphisms 

PCR was used to identify gene polymorphisms 
in the K13, pfcrt, and pfmdr1 genes. The K13 propeller 
domain was investigated using methods previously 
described by [32]. The forward primer 

5’-CGAAATAGTATCTCGAAT and reverse primer 
5’-CTGGGAACTAATAAAGAT were utilized. The 
pfcrt and pfmdr1 genes were investigated using 
methods previously described by [33]. For pfcrt 
codons 72 to 76, TTTTTCCCTTGTCGACCTTAAC (F) 
and AGGAATAAACAATAAAGAAATAATCATAC 
(R) primers were utilized. For pfmdr1 codons 1034, 
1042, and 1246, GCATTTAGTTCAGATGATGAAA 
TG (F) and CCATATGGTCCAACATTTGTATC (R) 
primers were utilized. Artemisinin-resistant 
laboratory control samples 3D7, 7G8, W2, HB3, and 
Dd2 were also included for comparison. Data analysis 
and sequencing of the PCR products was performed 
using the next generation sequencing and Sanger 
methods at the Centers for Disease Control and 
Prevention in Atlanta, GA. Data quality filtering and 
analysis were performed using Geneious R9 
(www.geneious.com). Only paired reads that 
perfectly mapped to the reference Pfk13 sequence 
(PF3D7_1343700) were used for subsequent single 
nucleotide polymorphism (SNP) calls (e.g., using the 
Geneious map to reference and SNP/variation caller). 

Cytokines Assay 
The elaboration of IFN-γ, TNF-α, IL-12p70, IL-10, 

and TGF-β1 in patient blood samples was determined 
using commercial ELISA kits (R&D systems Duoset®) 
according to the manufacturer’s instructions.  

Corticosteroids Assay 
Cortisol levels were determined using 

Thermofisher cortisol ELISA kit, a solid phase 
competitive Enzyme-linked Immunosorbent Assay kit 
that detects and quantifies the total cortisol in serum. 
Subsequent steps complied with the manufacturer’s 
instructions. The assay for Dexamethasone-Induced 
protein (used as an index of dexamethasone levels), 
was performed using MyBioSource® ELISA kit 
according to the manufacturer’s instructions.  

The optical density (OD) for all assays was 
measured at a wavelength of 450 nm corrected at 
540nm on a Microplate reader (Biotek Synergy HT 
Microplate reader, BioTek Instruments Inc. Vermont 
USA). 

Statistical Analysis 
Data were analyzed by student’s t-test using the 

difference between means of two treatments and 
p-values of ≤ 0.05 were reported as significant. The 
cytokine and corticosteroid levels between the 
treated, untreated, and control groups were analyzed 
by one-way analysis of variance (ANOVA). P-value of 
≤ 0.05 was adopted as significant. The correlation 
between parasite load and corticosteroids and 
cytokines and the correlation between number of 
mutant alleles and corticosteroids and cytokines were 
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analyzed, correlation coefficients and R2-value were 
determined to demonstrate positive or negative 
correlations.  

 

 

 
 

 

 
Figure 1: The effect of treatment on parasite load and frequency of antimalarial drug 
resistant gene polymorphisms in the malaria-positive sample population is 
represented. Average parasite load, as determined by microscopy and qPCR, is 
depicted in (A) between patients that were treated (n=12, treated previously with 
ACT) and untreated (n=14, never treated for this episode of malaria) (p ≤ 0.581). The 
percentage of treated and untreated patients that exhibited at least one mutant allele 
in the K13, Pfcrt (CRT), or Pfmdr1 (MDR) genes is depicted in (B). The average number 
of mutant alleles in the above genes detected per patient in mutation-positive treated 
and untreated patient samples is depicted in (C) (p ≤ 0.342). The prevalence of each 
of the observed mutant alleles across all malaria-positive patients is depicted in (D). 

  

Results 
The effect of ACT treatment on parasitemia  

In order to determine if ACT post-treatment 
syndrome is driven by parasite activity in the patients, 
we initially assessed the status of Plasmodium 
falciparum in the malaria-positive samples, by 
measuring the parasite load in blood (parasitemia). 
The results from experiments comparing the average 
number of parasites/µL in treated to untreated 
patients (Figure 1A) indicates heightened parasitemia 
in the treated patients (p ≤0.581), which can be 
accounted for by disturbed immune response 
affecting IL-10, IL-12, and TGF-β (see discussion).  

The effect of ACT treatment on the onset and 
frequency of parasite genetic polymorphisms 

Since post-treatment persistence of the 
Plasmodium parasite in the blood is typically 
attributed to antimalarial drug resistant gene 
polymorphisms [11, 18], we also examined the 
frequency of polymorphisms in the K13, Pfcrt (CRT), 
and Pfmdr1 (MDR) genes, which are associated with 
antimalarial drug resistance, in the Plasmodium 
positive samples from our study population. In 
addition, we examined the pattern of expression of 
these polymorphisms with treatment. Plasmodium 
falciparum mutants, defined in this study as containing 
a minimum of one single nucleotide polymorphism 
(SNP) in the above genes, were compared to wildtype 
Plasmodium falciparum, defined in this study as the 
absence of mutation in the above genes. Figure 1B 
represents the percentage of treated and untreated 
patient samples, which contained mutant P. 
falciparum. There is a higher percentage of mutant P. 
falciparum amongst the treated patients compared to 
the untreated patients, which supported the 
hypothesis of drug pressure on mutation. Worthy of 
note is the fact that our studies revealed the 
heightened percentage of K13 and MDR mutations in 
treated patients (ACT treated), consistent with reports 
that artemisinin and lumefantrine are associated with 
K13 and MDR-mediated resistance, respectively [10, 
22]. In total, 57.7% of our malaria positive patient 
samples (both treated and untreated) exhibited at 
least one SNP in the genes in this study, however, 
several patients exhibited multiple SNPs.  

In order to determine the effect of drug pressure 
on the number of SNPs, the treated and untreated 
patients with mutant P. falciparum were analyzed for 
average number of SNPs. Figure 1C depicts a higher 
number of SNPs per patient in the treated patients 
compared to untreated patients indicating that 
treatment is not only associated with increased 
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prevalence of mutant Plasmodium in the population, 
but also increased number of mutations. The 
prevalence of the specific mutant alleles across all 
malaria-positive patients is depicted in Figure 1D, 
with the most prevalent alleles being the K13- K189T 
allele and the MDR- Y184F allele. Our findings 
revealed that there is a high preponderance of drug 
resistant gene polymorphisms, which is not reflective 
of the known final recovery from clinical malaria. 

The relationship between P. falciparum load 
and secretion of cytokines and corticosteroids 
during infection  

The ratio of proinflammatory cytokines to 
anti-inflammatory cytokines can be a predictor of the 
course of clinical infection and may affect the status of 
the patient during the infection [26-28]. Also, fever 
onset, the predominant clinical symptom of malaria 
infection, is known to be parasite threshold- 
dependent with cytokines and corticosteroids being 
endogenously expressed stimulators of fever 

development. We investigated the role of parasitemia 
on cytokine and corticosteroid secretion that may 
drive ACT post-treatment syndrome. There was 
marked negative correlation between parasitemia and 
TGF-β (ρ ≤ -0.923), yet parasitemia had minimal effect 
on IL-10, IL-12, IFN-γ, and TNF-α as depicted in 
Figure 2A. However, changes in parasitemia did not 
result in corresponding change in corticosteroids 
(Figure 2B) suggesting that parasitemia has minimal 
effect on corticosteroid elaboration. 

The effect of P. falciparum antimalarial drug 
resistant gene mutations on cytokines and 
corticosteroids secretion 

Since parasitemia had a negative correlation 
with some cytokines (Figure 2), we determined 
whether there was a correlation between 
treatment-induced parasite genetic polymorphism 
and cytokine profiles or corticosteroid levels. The 
correlation between numbers of mutant alleles 
detected in the antimalarial drug resistant genes 

investigated in this study with cytokine 
levels is depicted in Figure 3A. There was a 
negative correlation between number of 
mutant alleles and IL-10 and TGF-β, 
indicating that when a patient sample has a 
higher number of mutant alleles, less IL-10/ 
TGF-β is produced (ρ ≤ -0.373 and ≤ -0.307, 
respectively). For TNF-α there was a 
positive correlation indicating that its 
production increases with increasing 
number of mutant alleles (ρ ≤ 0.350); 
although it was uncertain, whether the 
mutant parasites were better TNF-α 
inducers. However, there was a negative 
correlation between corticosteroids, cortisol 
and dexamethasone-induced protein, and 
number of mutant alleles (ρ ≤ -0.2849 and ≤ 
-0.2485, respectively) (Figure 3B). This 
indicates that corticosteroid elaboration 
decreases with increasing mutation.  

The effect of ACT drug treatment on 
cytokines and corticosteroids 
secretion  

In order to investigate how treatment 
affects interplay between corticosteroids 
and cytokines during the course of malaria 
infection, we assessed the impact of 
treatment on cytokine profiles, we 
determined if our findings could represents 
a pattern of correlation between treatment 
and lack of it on parasite moderation of 
cytokine patterns. We directly assessed the 
effect of ACT treatment on cytokines and 

 

 

 
Figure 2: The relationship between parasitemia and cytokines and corticosteroid elaboration in the 
malaria-positive sample population is depicted. Parasitemia was determined by microscopy and qPCR. 
Levels of IL-10, IL-12, IFN-γ, TNF-α, TGF-β were determined by ELISA and expressed as pg/mL (true 
TGF-β values are in pg/mL x 10). The correlation between parasitemia and cytokines is represented in 
(A) with a significant correlation noted for TGF-β (ρ ≤ -0.923). Levels of cortisol and 
dexamethasone-induced protein (D.I.P.) were determined by ELISA and expressed as ng/mL. The 
correlation between parasitemia and cortisol and D.I.P. is represented in (B). Correlation coefficients: 
cortisol (ρ ≤ -0.042) and D.I.P. (ρ ≤ -0.014). 



Int. J. Med. Sci. 2018, Vol. 15 

 
http://www.medsci.org 

1454 

corticosteroid secretion. It was found that there was a 
correlation pattern showing that in treated patients, 
with persistent parasites, IL-10, IFN-γ and TGF-β 
levels were markedly lower than in untreated patients 
(Figure 4A). Therefore, arguably, treatment is 
impactful on effect of parasitemia on the regulatory 
cytokines (IL-10 and TGF-β) profile in malaria 
patients. These findings are consistent with an 
impaired role for IL-10 and TGF-β in the course 
malaria infection. On the effect of ACT treatment on 
corticosteroids secretion, Figure 4B reveals an 
increased level of cortisol but a decreased level of 
dexamethasone-induced protein in treated compared 
with untreated patients. 

Discussion 
In an effort to determine the impact of ACT, as a 

drug of choice, during malaria episode, we decided to 
assess the recovery of P. falciparum infected patients 
from malaria and the pathophysiologic consequences 
of drug on treated compared with untreated patients. 
Our investigations show a compelling evidence of 
drug-induced consequences manifesting as (i) 

parasite genetic mutation, (ii) perpetuation of 
stressor factors and proinflammatory 
conditions, and (iii) impairment of regulatory 
cytokine functions. This combination of factors 
may arguably account for the post-treatment 
malaria-like-illness commonly designated as 
drug-resistant malaria instead of 
ACT-syndrome. We investigated the frequency 
of P. falciparum genes associated with resistance 
to antimalarial drugs in malaria patients and 
our findings (Figure 1) show that there is high 
preponderance of P. falciparum genetic 
mutation associated with resistance to 
antimalarial drugs. If such genetic mutation 
effectively translates into functional 
phenotypes, then this would not be compatible 
with known facts of the final recovery from the 
disease in an endemic area, since further 
post-treatment management of patients usually 
results in recovery. The adoption of 
combination therapies in several countries is 
accompanied by the expression, in parasites, of 
genetic mutations supposedly associated with 
drug resistance [22, 34]. It is difficult to 
ascertain that the resistance is mechanistically 
an outright drug resistant process involving 
efficient and effectively expressed alternative 
form of genes as genetic phenotypes. In this 
study, we have high gene polymorphism levels, 
which, if functionally effective, will mean a 
disastrous situation in the whole of sub-Sahara 
Africa, which largely the situation in Lagos, 
Nigeria will reflect.  

Although the likelihood is that parasites carrying 
mutant genes are less likely to be as fit compared with 
the wild type [35], there is the possibility that they can 
alter the physiologic steady state of the host. This 
important feature was investigated to determine if 
mutant plasmodium could influence the stress 
hormones and the inflammatory components of the 
immune system in a manner that translates into 
clinical treatment failure. In our studies (Figures 1A, 
1B, 1C, and 1D), we have shown that there is 
heightened parasitemia and parasite mutations 
despite treatment as previously reported [10, 36] but 
this alone may not be entirely consistent with an 
argument for patient unwellness. This is because our 
data (Figures 2A, 2B, 3A, and 3B) also showed that 
parasite load and type (wildtype and mutants) can 
result in sustained stressor factors (cortisol and 
TNF-α) elaboration despite treatment. In addition, 
therapeutic intervention with ACT, in particular, is 
shown (Figures 4A and 4B) to increase stressor 
factors. Taken together these interacting factors may 
in part, account for patient unwellness despite 

 

 
Figure 3: The effect of mutations in the malaria-positive patient samples on levels of cytokines 
and corticosteroids is represented. Total levels of IL-10, IL-12p70, IFN-γ, TNF-α and TGF-β 
cytokines detected by ELISA and expressed in pg/mL (true TGF-β values are in pg/mL x 10). The 
correlation between the number of mutant alleles and cytokine levels is depicted in Figure 3A. 
Significant correlation coefficients include IL-10 (ρ ≤ -0.404) and TNF-α (ρ ≤ 0.332). The 
correlation between cortisol and dexamethasone-induced protein (D.I.P.) levels detected by 
ELISA and expressed in ng/mL in patients with mutant versus wildtype P. falciparum is depicted in 
Figure 3C. Correlation coefficients: cortisol (ρ ≤ -0.2849) and D.I.P. (ρ ≤ -0.2485). 
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treatment. This condition could result from 
ACT-induced altered internal environmental factors, 
which could create a picture of (i) enhanced 
proliferation of resistant genes, (ii) sustained 
proinflammation and (iii) heightened stressor 
conditions meted by stress hormones culminating in 
persistent post-treatment unwellness. In addition, our 
findings (Figure 4A) reveal that the pattern of TNF-α 
is such that drives malaria infection course in the 
direction of proinflammation, which is sustained after 
treatment and may account for the post-treatment 
complaints, even in the case of IL-12, although not 
significantly increased, treatment did not attenuate its 
level. Other than the proinflammatory cytokine 
profile pattern, the elevated values of post-treatment 
proinflammatory cytokines compared with control 
values in healthy individuals reveals a probable 
opportunity for heightened effects which could mete 
out those unwellness consequences associated with 
persistent malaria.  

Noteworthy is the unique implications of IL-10 

decreased levels in treated patients (Figure 4A); 
this is a cytokine principally derived from Th2 
cells and it is an inhibitory factor which, under 
normal circumstances, would impair the sustained 
build-up of proinflammatory cytokines at the 
recovery phase of clinical malaria. In addition, it 
has ability to turn off macrophage elaboration of 
IL-12, thus, a compromise of its elaboration as 
exhibited here, implies, a room for protracted and 
sustained proinflammatory situation. Closely 
connected with this is the post-treatment 
impairment of the elaboration of TGF-β whose 
intrinsic role includes the induction of the 
development and propagation of regulatory 
T-cells (T-reg cells). Since T-reg cells have the 
capacity to induce CD4+-T-cell development from 
naïve T-cells [37], it is clear why impairment of 
CD4+ T-cells will result in compromised 
elaboration of IL-10. Thus, causing a situation of 
persistence of proinflammatory cytokine 
expression. On basis of those variations that exist 
in steady state, the expression of impaired IL-10 
will be variable and this could account for the 
various cases of “usually sick” malaria cases that 
exhibit protracted symptoms of malaria illness in 
endemic areas. Although uncertain, it would 
appear that the observed negative correlation 
between parasitemia and IL-10 elaboration (Figure 
2A) is a revelation of parasite direct effect while 
Figure 4A shows the attenuating effect of drug 
used during treatment and pathophysiologic 
change on IL-10 elaboration. Also, the decreased 
level of IFN- γ reported in Figure 4A is of 
importance because of its pivotal role in the 
activation of macrophages, which is needed for 

plasmodium clearance. Taken together, these events 
could account for chronic progressive malaria disease, 
which can be mistakenly attributed to drug resistance. 

Although the role of chronic stress, as typified by 
our reported heightened cortisol levels, in relation to 
the steady state of the immune system is unclear, 
previous studies have reported both favorable and 
unfavorable events associated with the immune 
response in related conditions [38-39]. Our findings 
show an evidence of slight negative correlation 
between post- and pre-treatment parasitemia and 
corticosteroid levels without a statistically significant 
difference with treatment, thus, revealing the 
impactful nature of corticosteroids. Corticosteroids 
are readily bound to their receptors on cells in a 
biphasic, concentration-dependent manner [40-41]. 
The implication of this phasic binding potential is 
likely to mete differential protracted action on 
patients and this could explain the differences in 
post-treatment unwellness exhibited by malaria 

 

 
Figure 4: Comparisons of cytokine and corticosteroid levels across three categories, 
treated (malaria-positive and previously treated with ACT but returned with complaints of 
persistent unwellness), untreated (malaria-positive and visiting the health facility for the first 
time with a new infection) and control (malaria-negative samples) is represented. Total levels 
of IL-10, IL-12p70, IFN-γ, TNF-α and TGF-β cytokines detected by ELISA and expressed in 
pg/mL (true values of TGF-β in pg/ml x 10) in treated, untreated, and control patients is 
depicted in Figure 4A. ANOVA was performed to compare the three categories: IL-10 (p ≤ 
0.199), IL-12 (p ≤ 0.758), IFN-γ (p ≤ 0.001), TNF-α (p ≤ 0.0910), and TGF-β (p ≤ 0.287). 
Total cortisol and dexamethasone-induced protein levels detected by ELISA and expressed 
in ng/mL in treated, untreated, and control patient samples is depicted in Figure 4B. ANOVA 
was performed to compare the three categories: cortisol (p ≤ 0.400) and D.I.P. (p ≤ 0.0102). 
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patients. Expectedly, corticosteroids should 
downregulate inflammatory cytokine (TNF-α) 
elaboration but in the case of malaria infection, 
patients’ sera show the reverse (Figure 4A), which 
cannot be ignored considering the post-treatment 
complaints of illness. Also, corticosteroids may have a 
role for delayed immune clearance of malaria on one 
hand and an impaired elaboration of IL-10 on the 
other hand, resulting in unwanted sustained 
inflammatory condition. This is understandable if one 
considers the role of IL-10 in proinflammatory 
cytokine impairment. This perspective may provide 
explanation for carefully controlled use if not total 
discontinuity of corticosteroids in cerebral malaria 
therapy. In conclusion, the ACT-meted-syndrome 
consists of post-treatment malaria-like-illness, 
enhanced genetic polymorphism in parasite that may 
not be effective phenotypes, and proinflammatory 
conditions accompanied by regulatory cytokine 
impairment.  
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