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ARTICLE INFO ABSTRACT

Keywords: Vitamin A (VA) is an anti-inflammatory agent that is important in modulating and balancing the immune system.
Protection The present study aimed to investigate the immunoregulatory effects of vitamin A supplement (VAS) in C57BL/
Vitamin A

6J mice infected with Plasmodium yoelii 17XL (P.y17XL) or Plasmodium berghei ANKA (P.bANKA). Following VA
treatment, parasitaemia decreased, but survival rate did not significantly change during P.y17XL infection.
However, in P.bANKA infected C57BL/6J mice, VA pretreatment decreased parasitaemia, and a lag in cerebral
malaria (CM) was observed during the early stages of infection. Furthermore, VA pretreatment was also de-
monstrated to upregulate MHCII expression in dendritic cells (DCs), downregulate Th1l and Tregs, and down-
regulate TNF-a and IFN-y production. The results of the current study indicated that VAS downregulated the
inflammation response in CM, but did not exhibit an immunoregulatory effect against P.y17XL infection. VAS
protected the onset of CM by reducing inflammation, and was also correlated with the downregulation of Th1 by
modifying the function of DCs and Tregs. However, no significant effect was observed during P.y17XL infection.

Heterogenic plasmodium
Plasmodium yoelii 17XL
Plasmodium berghei ANKA

1. Introduction

Malaria remains to be one of the most common parasitic infections
worldwide. According to recent WHO statistics, 87 countries have re-
ported the ongoing transmission of malaria, with Africa experiencing
disproportionately high malaria cases (92% of the total), and the
African Region accounting for 93% of all malaria associated deaths [1].
Children aged < 5years account for 61% (266,000) of all malaria-as-
sociated deaths worldwide and are the most vulnerable group that are
affected by malaria [1]. Despite the use of fast acting anti-malarials,
including artemisinins, mortality rates in patients exhibiting severe
malaria remain high [2,3]. WHO advocate the requirement for im-
proved access to effective malarial interventions to prevent further in-
crease in malaria associated morbidity and mortality. Therefore, an
urgent requirement for an adjunctive therapy for malaria exists [4].

Recently, it has been widely demonstrated that host immune re-
sponses contribute to the pathogenesis of malaria, and overaggressive
inflammation mediated Thl pathway that is reported to incur host

damage. Protection/pathology in malaria is directly correlated with
immunology, especially inflammation (TNF-a, IFN-y) and immune re-
sponse (T cells response, Tregs, and DCs) [5-8]. Vitamin A (VA) is an
anti-inflammatory agent and is important in the modulation and bal-
ance of the immune system [9,10]. Vitamin A, together with its deri-
vatives, regulates a variety of difference life processes, including re-
production, embryogenesis, vision, growth, cellular differentiation, cell
proliferation, maintenance of epithelial cellular integrity and immune
function [11]. Vitamin A deficiency (VAD) is a common nutritional
deficiency, which is present worldwide, and has been indicated to be
associated with an increasing susceptibility to infectious diseases in
human and animal models [10]. Additionally, in African children,
malnutrition is a common and serious public health problem [12].
Recent estimates indicate that > 2 billion people are at risk of vitamin
A, zinc and iron deficiencies worldwide [13]. An accumulation of data
has revealed that children who inhabit malaria endemic areas are
susceptible to plasmodium, and this may be associated with VAD. A
recent study has demonstrated that vitamin A supplements (VAS)
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decrease the severity of malaria infection in children ages 6 months-
5years and reduces the number of febrile episodes, parasite density,
and the proportion of patients exhibiting spleen enlargement [14].
However, recent research has indicated that infection can also cause
VAD [15]. Infectious diseases have been demonstrated to induce mi-
cronutrient deficiency by decreasing food intake (anorexia), impairing
nutrient absorption, causing direct nutrient loss, increasing metabolic
requirements or catabolic losses and impairing utilization (by impairing
transport to target tissues) [16-18]. Therefore, micronutrient defi-
ciencies are associated with a number of infections due to specific mi-
cronutrients serving key roles in the function of the immune system.
Specific deficiencies may also predispose patients to malaria [19].
Malaria has been associated with malnutrition [20] and has been in-
dicated to be associated with micronutrient deficiencies [21].

Studies have also indicated that the outcome of malaria infection is
associated with a variety of factors, including host status, socio-cultural
conditions and the parasite condition [20]. Among these, the host nu-
tritional status is a key outcome in malarial infection [22-24]. A total of
60% of malaria-associated deaths in young children are attributable to
malnutrition [25]. However, the relationship between malaria in-
cidence and nutritional condition still remains controversial.

Based on this evidence, the purpose of the current study was to
determine the effect of VAS on the outcome of plasmodium infection,
especially the immune modulatory role of VAS in heterogenic plasmo-
dium infected C57BL/6J mice. A model of rodent malaria infection
provides an available model for understanding the immune response of
human Plasmodium infections. Therefore, VA treatment, and following
Plasmodium yoelii 17XL (P.y17XL) or Plasmodium berghei ANKA
(P.bANKA) infected C57BL/6J mice were used, comparative analysis
was performed on the condition of inflammation (TNF-a, IFN-y) and
immune response (Th1, Tregs and DCs), in order to assess the practical
value of VAS use in malaria.

2. Methods
2.1. Mice, parasite and P.y17XL/P.bANKA infection

Female C57BL/6J mice (weight 18-25 g; 6-8 weeks old) were pur-
chased from Beijing Animal Institute. The animals were housed in a
12h light-dark cycle and fed under experimental conditions with a
temperature of 22-24°C and a humidity of 50 = 5%. P.y17XL and
P.bANKA were provided by Dr. Motomi Torii (Department of Molecular
Parasitology, Ehime University Graduate School of Medicine).

Mice were randomly divided into five groups: Mice that were un-
infected (uninfected group, O0day), mice that were infected with
P.yl17XL (P.yl7XL group), mice that were infected with P.bANKA
(P.bANKA group) and infected with P.y17XL (P.y17XL + VA group) or
P.bANKA (P.bANKA + VA group). The construction of the plasmodium-
infected mice model was performed according to a previously described
method [26,27]. Infections were initiated using an IP injection of
1 x 10° P.y17XL/P.bANKA parasitized erythrocytes in C57BL/6J mice.
Parasitaemia (n = 10) was monitored using a light microscope, which
was used to examine Giemsa-stained, thin (tail) blood smears [28].
Mortality (n = 10) was monitored daily. All experiments were per-
formed in compliance with the China Medical University animal ethics
committee.

2.2. Vitamin A treatment

VA was purchased from Sigma-Aldrich; Merck KGaA (St. Louis, MO,
USA). VA was dissolved in soybean oil prior to use. For animal ex-
periments, the VA pretreatment group were orally administered 50 mg/
kg VA prior to infection with P.y17XL/P.bANKA once per day for four
successive days. The control group received an equal volume of soybean
oil at the same time points.
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2.3. Detection of cytokines by ELISA

For the quantification of cytokines, splenocytes were harvested from
mice at the indicated time points (day 0, 3 and 5). Spleen cells were
adjusted to a final concentration of 107 cells/ml in RPMI-1640 sup-
plemented with 10% heat-inactivated FCS. Aliquots (500 pl/well) of the
cell suspensions were incubated in 24-well flat-bottom tissue culture
plates (Falcon®) in triplicate for 48 h at 37 °C in a humidified 5% CO,
incubator. Supernatant fractions were collected and stored at —80 °C
for use when detecting cytokines.

IFN-y and TNF-a expression was measured using commercial en-
zyme linked immunosorbent assay (ELISA) kits, according to the
manufacturer's protocol (R&D Systems, Inc. Minneapolis, MN). The OD
values were measured using a microplate reader at 450 nm. Cytokine
concentrations of each sample were calculated using a standard curve
generated using recombinant cytokines.

2.4. Flow cytometry analysis

To detect the subsets of splenic DCs [the number of myeloid DCs
(mDCs) and plasmacytoid DCs (pDCs)], the expression of major histo-
compatibility complex class I (MHCII), the numbers of CD4"-T-
bet*—T-bet* T cells (IFN-f CD4atibility complex class II (MHCII)
ombinaTregs), splenocytes were harvested from mice at the indicated
time points (day 0, 3 and 5). Spleen cells were adjusted to a 107 cells/ml
final concentration.

To assess DCs, cells were co-stained with FITC-conjugated CD11c
mAb (clone HL-3), PE-conjugated anti-CD11b (clone M1/70), PerCP-
conjugated CD45R/B220 (clone RA3-6B2) and APC-conjugated anti-
MHC II (clone M5/114.15.2).

To assess CD4*-T-bet-IFN-y* T cells, fresh splenocytes were
stained using fluorescein isothiocyanate- (FITC-) conjugated anti-CD4
(clone GK1.5) antibodies. Following fixation and permeabilization
using staining buffer reagents, according to the manufacturer's pro-
tocol, cells were incubated with peridinin chlorophyll- (PerCP-) con-
jugated anti-T-bet (clone eGio4B10) and phycoerythrin- (PE-) con-
jugated anti-IFN-y monoclonal antibodies (mAb; XMG1.2).

To measure the percentage of Tregs, FITC-conjugated anti-CD4
(clone GK1.5) and PE-conjugated anti-CD25 (clone PC61) antibodies
were added to spleen cells, which were resuspended in 100 pul phos-
phate-buffered saline (PBS), and supplemented with 1% FCS for surface
staining. Cells were subsequently fixed, permeabilized, and in-
tracytoplasmic staining was performed using allophycocyanin- (APC-)
conjugated anti-FOXP3 (clone FJK16s, eBioscience; Thermo Fisher
Scientific, Inc. San Diego, CA) antibodies. Unless otherwise indicated,
antibodies were purchased from BD Biosciences (San Jose, CA). Cells
were then washed twice with PBS containing 1% FCS and suspended in
300l PBS. The cells were analyzed in a FACS Calibur™ fluor-
ocytometer using CellQuest software. Viable cells were gated using
forward and side scattering patterns.

2.5. Statistical analysis

Data were presented as the mean * standard error of the mean
(SEM). The statistical significance of each dataset was analyzed using a
one-way ANOVA or t-test, as appropriate. Time-to-event data were
statistically analyzed using the Kaplan-Meier (K-M) approach to sur-
vival analysis (SPSS 17.0; SPSS, Inc.). P-values were calibrated using
Bonferroni correction and P < 0.05 was considered to indicate a sta-
tistically significant result.
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Fig. 1. Parasitaemia and survival rate of (A) P.y17XL and (B) P.bANKA infection in control and VA treated C57BL/6J mice (n = 10). Parasitaemia was calculated by
counting the number of parasite-infected erythrocytes per 1000 erythrocytes. Mortality was monitored daily. The data were representative of three separate ex-
periments. P.y17XL, Plasmodium yoelii 17XL; P.bANKA, Plasmodium berghei ANKA; VA, Vitamin A.

3. Results

3.1. VA supplementation effects the infection process in P.y17XL/P.bANKA
infected C57BL/6J mice

To determine whether VA treatments could affect the outcome of
P.y17XL/P.bANKA infected C57BL/6J mice, parasitaemia and survival
rate were assessed (Fig. 1A and B). VA decreased parasitaemia in the
P.y17XL infected C57BL/6J mice compared with the normal infection
group (P < 0.05). However, VA did not increase survival rate, and the
mortality rate was 46.25% at 6 days post-infection (p.i.), with mice
exhibiting very high parasitaemia. However, in P.bANKA infected
C57BL/6J mice, VA decreased the mean level of parasitaemia from
6 days p.i. (2.28%) to 12days p.i. (8.5%) when compared with the
normal infection group. Mortality rate of mice with VA pretreatment
started to increase from 8 days p.i. The onset of mortality was post-
poned by 3 days compared with the normal infection group. Mice ex-
hibited 100% mortality 16 days p.i.

3.2. VA supplementation regulates the number and activation of DCs in
P.y17XL/P.bANKA infected C57BL/6J mice

DCs are a link between innate and adaptive immunity and serve a
key function in cytokine production and the initiation of antigen pre-
sentation. To assess whether VA treatment can adjust the differentiation
and function of DCs in malaria infected hosts, the population change of
DCs and the expression of surface molecular on DCs were compared
between the VA supplementation and normal infection group in C57BL/
6J mice exhibiting P.y17XL/P.bANKA infection. As presented in
Fig. 2A-D, the proportion of DCs subsets (CD11c*CD11b* and
CD11c¢*B220%) derived from P.y17XL/P.bANKA infected mice was

higher compared with the normal infection group on day 3 p.i. This was
followed by a sharp decrease in DCs subsets on day 5 p.i., which almost
recovered to normal levels. Additionally, compared with normal in-
fection mice, VAS DC1 did not differ in P.y17XL infected mice.

In a previous study, it was demonstrated that the function and
maturity of DCs was impaired during malaria infection. Therefore, to
investigate the relationship between VA and DCs in malaria, the ex-
pression of MHCII on DCs in C57BL/6J mice infected with P.y17XL/
P.bANKA was evaluated. As presented in Fig. 2E-F, compared with the
normal infection group, VA pretreatment was indicated to reverse the
impaired maturity rate of DCs (the expression of MHC II on DCs) during
P.bANKA infection, but not during P.y17XL infection.

3.3. VA supplementation inhibits the Thl response in P.y17XL/P.bANKA
infected C57BL/6J mice

VAD is associated with reduced effector T cell responses [28]. To
determine whether the observed differences in mortality during the
early stages of P.y17XL/P.bANKA infection were due to the Thl host
immune responses, the proportion and absolute cell numbers of
CD4*T-bet™ cells were compared prior to parasite infection at day 0
and at days 3 and 5 p.i. The results demonstrated that VA pretreatment
decreased the number of Thl cells in P.y17XL/P.bANKA infected
C57BL/6 mice on day 5 p.i. (Fig. 3A and B). These results have also
been indicated in the Thl cell numbers of a variety of different rodent
malaria models.

To determine whether the observed differences in parasitaemia
during the early stages of P.y17XL/P.bANKA infection was due to pro-
inflammatory cytokines production, TNF-a and IFN-y expression was
compared prior to parasite infection at day 0 and at day 3 and 5 p.i. The
results indicated that VA pretreatment decreased TNF-a and IFN-y
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Fig. 2. Effects of VA pretreatment on DCs during P.y17XL and P.bANKA infection. Proportion, absolute cell numbers (Column diagram, left) and representative dot
plots (right) of mDCs, pDCs and the expression of MHC II on DCs in P.y17XL(A, B, E) and P.bANKA (C, D, F) infection. Flow cytometry was performed on spleen cells
from C57BL/6J mice by double staining with FITC-anti-CD11c, PE-anti-CD11b, PerCP-anti-CD45R/B220 and APC-anti-MHCII. Results were presented as the ar-
ithmetic mean of four mice per group = SE. *P < 0.05 and *P < 0.01 vs. control mice (non-infected mice; day 0) using a students t-test. *P < 0.05 and *P < 0.01
between infected and Tregs depletion groups mice using one way ANOVA. P-values were calibrated using Bonferroni correction. The data are representative of three
separate experiments. VA, Vitamin A; DC, dendritic cells; P.y17XL, Plasmodium yoelii 17XL; P.bANKA, Plasmodium berghei ANKA; m, myeloid; p, plasmacytoid; MHC
I, major histocompatibility complex class II.
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day 0) using a students t-test. “P < 0.05 and *P < 0.01 between infected and Tregs depletion groups mice using one way ANOVA. P-values were calibrated using
Bonferroni correction. The data are representative of three separate experiments. VA, Vitamin A; P.y17XL, Plasmodium yoelii 17XL; P.bANKA, Plasmodium berghei

ANKA.

expression on days 3 and 5 p.i. in P.y17XL/P.bANKA infected C57BL/6J
mice compared with the normal infection group (Fig. 3C and D;
P < 0.01; P < 0.05). These results demonstrated that VA pretreat-
ment preferentially suppressed the production of pro-inflammatory
mediators during acute malaria infection in P.y17XL/P.bANKA infected
C57BL/6J mice.

3.4. VA supplementation downregulated the percentage of Tregs in
P.y17XL/P.bANKA infected C57BL/6J mice

Retinoic acid (RA) can regulate T cell differentiation and function.
Under homeostatic conditions, VA promotes the transformation of
naive CD4 " T cells to regulatory T cells and inhibits the development of
Th17 cells, which is associated with transforming growth factor 3 [29].
The proportion and absolute cell numbers of Tregs was also detected,
which were revealed to exhibit an inhibitory effect on Thl immune
responses. Compared with the normal infection group, in P.y17XL
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infected C57BL/6J mice, following VAS treatment, the number of Tregs
revealed a weaker increase on day 3 p.i., however, no statistically sig-
nificant difference was observed (Fig. 4A). In contrast, VAS increased
the number of Tregs on day 3 p.i.,, then decreased and was lower
compared with the normal infection group on day 5 p.i. in P.bANKA
infected C57BL/6J mice (P < 0.05; P < 0.01; Fig. 4B).

Additionally, to investigate the possible modulating mechanisms of
Tregs, the level of IL-10 production was analyzed in P.y17XL/P.bANKA
infected C57BL/6J mice. Consistently, VAS decreased the level of IL-10
on day 5 p.i. (P < 0.05) in C57BL/6J mice (Fig. 4C and D).

4. Discussion

The current study demonstrated that VAS delayed the onset of CM
and can improve the outcome of malaria infection. These data indicated
that VA exhibits varying effects during the early stages of P.y17XL and
P.bANKA infection. VA was also indicated to be associated with the
regulation of immune-mediated protection and pathology in malaria.
Pretreatment with VA did not significantly influence parasitaemia and
survival rate during P.y17XL infection. However, in P.bANKA infected
C57BL/6 mice, VA pretreatment increased parasitaemia (P > 0.05).

The results revealed that the onset of cerebral malaria exhibited a lag in
the infectious early stage. VAS protected the onset of CM by reducing
inflammation, was correlated with the downregulation of Thl by
modifying the function of DCs and Tregs, but did not exhibit these ef-
fects during P.y17XL infection. The results of the current study in-
dicated that VAS can decrease neuroinflammation to regulate immune-
mediated pathology in CM, but didn't protect P.y17XLinfectious mice.

CM is the most severe complication of infection of Plasmodium fal-
ciparum parasite infection It has complex immunopathology including
prominent neuroinflammation [30]. While CD4" T cells mediate the
early induction phase of CM, CD8* T cells are required for advanced
immunopathology which directly contribute to the damage of blood
brain barrier (BBB) [31-33]. In addition, in our previous studies, we
assessed the relationship between the brain pathology in ECM and the
expression levels of adhesion of leukocytes in the brain micro-
vasculature, microhemorrhages, disruption of BBB integrity and im-
mune response [34,35]. The results indicated that neuropathology is
associated with an overwhelming inflammatory response and T cell
response. Thus, adjunctive therapies that target the underlying patho-
physiology of severe malaria as additional approaches induced an in-
terest to reduce malaria-associated morbidity and mortality. As a
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serious public health problem, malnutrition affects millions of people
worldwide. Studies have indicated that malnutrition is a risk factor that
can increase the incidence and/or severity of infection. Nutrient-defi-
cient hosts can acquire infections more easily than healthy hosts, and
this may be associated with their impaired immune function [36]. VAD
is a serious global health problem that affects 100-140 million children
all over the world [37]. Recent studies have indicated that malaria and
malnutrition, in children, are major causes of morbidity and mortality
in low- and middle-income countries [38,39]. Multiple clinical trials in
infants and young children have also identified that VAS can exhibit
protective effects against malaria, including a decrease in the number
and time to first clinical episode, risk of febrile illness, spleen en-
largement and mean parasite density [40].

VAD mice possess impaired innate and adaptive immunity.
Epidemiological studies, clinical trials and experimental studies have
clearly demonstrated that VA can regulate immunity, and that VAD is
the cause of broad immune alterations including decreased humoral
and cellular responses, inadequate immune regulation, weak response
to vaccines and poor lymphoid organ development [41]. Additionally,
studies have also indicated that VA, as a regulator, can induce phago-
cytosis, which contributes to the clearance of Plasmodium falciparum-
infected erythrocytes via RA [42].

After phagocytizing iRBCs or free merozoites, DCs lose the ability of
parasite clearance [43]. Furthermore, studies have also demonstrated
that VA level can influence the development and function of conven-
tional DCs in mucosal and lymphoid tissues [44]. The maturation of
DCs is impaired in malaria, and results in the loss of antigen pre-
sentation function. Immature DCs also lose the ability to phagocytize
and migrate towards T cell-rich areas to initiate the adaptive immune
response [45]. Presently, why the maturation of DCs is damaged during
infection with malaria, and whether VA can regulate the impaired
function of DCs, is undetermined. Therefore, in the current study, as-
sessments of the frequency, phenotype and function of circulating DCs
were performed in P.y17XL/P.bANKA-infected C57BL/6J mice. The
results indicated that VA pretreatment improved the impaired function
on DC maturation (the expression of MHC II on DCs) during P.bANKA
infection, but not during P.y17XL infection (Fig. 2C and D).

VA can activate the adaptive immunity and the development of T-
helper (Th) cells and B-cells, and RA can inhibit the Th1 response [15].
Furthermore, DCs are particularly important in the activation of CD4 " T
cells, which attack the parasite. The mechanisms have been indicated to
be correlated with the production of inflammatory cytokines, which
activate other immune cells. Therefore, the current study aimed to in-
vestigate whether VAS serves a role in the regulation of the Thl im-
mune response via modifying the maturation and function of DCs in
malaria. As aforementioned, the results demonstrated that VA treat-
ment decreased the percentage of Thl cells compared with the normal
infection group at day 5 p.i. in P.y17XL/P.bANKA infected C57BL/6J
mice.

VA is referred to as “the anti-infective vitamin” and exhibits an anti-
inflammatory agent role [15,46]. In the present study, VA treatment did
not affect parasitaemia compared with the control group, and did not
extend the survival rate in P.y17XL/P.bANKA infected C57BL/6J mice.
However, VA treatment decreased pro-inflammatory cytokines (TNF-a
and IFN-y) production and the percentage of Thl cells compared with
normal infection group at day 5 p.i. in P.y17XL/P.bANKA infected
C57BL/6J mice. This may be the main reason that the onset of CM
exhibited a lag during early stage P.bANKA infection, as VAS decreased
the pro-inflammatory response. Additionally, RA has been demon-
strated to regulate neural differentiation, neuronal patterning and axon
outgrowth. Due to this, studies have focused on the therapeutic po-
tential of RA [47,48]. The brain is an immunologically privileged site,
and under normal condition, the central nervous system (CNS) cannot
be infected. However, in pathologic conditions, an organized im-
munologic response can develop within the CNS to eliminate in-
flammation without tissue damage [49]. Previous research has
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indicated that RA may be an agent for the treatment of neuroin-
flammation [50]. This may explain why VAD is associated with the
reduced effector T cell responses, suboptimal immune responses to
some vaccines and an increased risk for certain infections. These con-
clusions demonstrated that increased parasite clearance and moderate
reduced intensity of pro-inflammatory responses to infection may ex-
plain the beneficial effects of supplementation with VA in malaria,
especially in CM.

Studies have also considered that during infection, RA may promote
the differentiation of Foxp3™ inducible regulatory T cells by inducing
DCs to express CD103. VA can maintain homeostasis at the intestinal
barrier and equilibrate immunity and tolerance, including in gut dys-
biosis. Retinoids perform a wide variety of functions in many settings,
especially the central nervous system [50]. RA can regulate the differ-
entiation and function of T cells, and during homeostatic conditions, RA
induces naive CD4*T cells to transform into regulatory T cells and
inhibits the development of Th17 cells with TGF-f help. Tregs may
modulate effector CD4" T cell responses in malaria, and exhibit a
protective immune response that results in the prevention of immune-
mediated pathology [51]. The results of the current study demonstrated
that, in P.yl17XL infected C57BL/6J mice after VAS treatment, the
number of Tregs increased on day 5 p.i., but no statistically significant
difference was observed. In contrast, VAS increased the number of
Tregs day 3 p.i., This was followed by a decreased number which was
lower compared with the normal infection group on day 5 p.i. in
P.bANKA infected C57BL/6J mice. These results indicated that the ef-
fect of VAS on these associations depended on the role of pro-in-
flammatory or Thl immune responses via modifying the function of
DCs and Tregs in malaria. Pretreatment with VA was not indicated to
serve a role in the immune-mediated protection of P.y17XL infected
mice. However, VAS delayed the onset of immune-mediated pathology
in P.bANKA infected mice. The dose of VA that was used in the current
study (50mg/kg) is lower compared with the clinical dose used pre-
sently [52].

Recently, many similar studies have indicated that VAS decreases
the severity of malaria infection in children aged 6 months to 5 years
old [53]. However, some studies have indicated that VA cannot prevent
or treat malaria infection in pregnancy or childhood, based on RCT
evidence [54]. However, combined with the results of the current
study, due to the extensive role of VA in immune cells and the immune
response, it is possible that VAS reduces mortality in children [55].
Additionally, VA exhibits extensive regulatory activity and can be used
to control inflammatory diseases not only in the intestine [56,57] but
also in other tissues, including in the central nervous system [58-60]
and pulmonary mucosa [61,62].

5. Conclusions

In summary, VA is an essential nutrient required for maintaining
immune function, and has been demonstrated to serve an important
role in the regulation of Thl response. The results of the current study
support the hypothesis that a lower level of VA may be associated with
relative type 1 cytokine dominance. VAS at least partly protects against
the onset of immune-mediated pathology in CM, and is associated with
the downregulation of Th1 via modifying the function of DCs and Tregs.
However, this is not exhibited during infection with P.y17XL. These
results have led to an increased interest in adjunctive therapies that
target the underlying pathophysiology of severe malaria as additional
approaches that may further reduce malaria-associated morbidity and
mortality [63].

Current evidence suggests that VAS is a beneficial treatment that
can be used to enhance immune function. However, the results of the
current study revealed that VA was not improved in the plasmodium
infectious VAD group. VAS reduces the incidence of uncomplicated
malaria by ~33%, but does not appear to reduce malaria-associated
mortality [64]. Therefore, it is necessary that VAS is supplemented in
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the food supply in malaria endemic regions.

In patients infected with malaria, the problem of VAD should be
treated first, but treatment with VAS must be performed with caution,
as VA has been indicated to regulate the pro-inflammatory response. If
this response is inadequate or inappropriate, it can accelerate the pa-
thological damage exhibited by the host.
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