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Abstract

Hospital of Cocody.

of the premunition and acquisition of IgG antibodies.

Introduction: Malaria, a disease caused by protozoan parasites of the genus Plasmodium. Despite the premunition,
some adults still experience the severe form of malaria. The study hereby aims to investigate the involvement of Th1
cytokines profile in the resistance to severe malaria in endemic areas.

Patients and methods: It was a prospective study with an analytical focus on a 3-year period from July 30, 2015 to
February 23, 2018. The study covered 150 patients, 50 patients suffering from simple malaria, 50 others hospitalized for
the severe form and 50 witnesses. All the analyzes were performed within the Immunology Laboratory of the University

Results: It is clear that, the average level of antibody according to the clinical status is meaningless, and Th1
cytokine levels (TNFa, INFy, IL-12) are highest in severe malaria compared to simple malaria and witnesses. Moreover,
there is no correlation between the average level of Th1 cytokines and the average rates of antibodies.

Conclusion: Severe adult malaria in endemic areas is associated with cellular immunity and this is not dependent

Keywords: Severe malaria resistance; Cytokines Th1; Ivory Coast -
Malaria endemic area

Introduction

Malaria, a disease caused by protozoan parasites of the genus
Plasmodium. Only P. falciparum is the most formidable and deadly [1].
Sub-Saharan Africa bears a disproportionate share of the global burden
of infection.

According to the latest WHO estimates released in December 2016,
there were 212 million cases of malaria in 2015 and 429,000 death
[2]. In the world, especially in Africa, children under 5 are at risk of
developing severe and complicated forms of the disease [3] due to the
lack of premunition. In Ivory Coast, malaria is hyperendemic and is
transmitted throughout the year with an upsurge during the rainy
seasons. Its morbidity is 42.28% for a mortality of 15.29% in children
under 5 [4]. The slow and progressive acquisition of premunition is
coupled with that of protective IgG class antibodies during reinfections
[5,6]. Passive immunity transfer experiments have revealed the central
role of IgG immunoglobulins in the mechanisms of protection against
psalmody infection [5,6].

In endemic areas, the long period of establishment of this
premunition would explain the resistance of adults against severe
forms of malaria. However, according to unpublished findings in Ivory
Coast, about 2% of apparently immunocompetent adults would make
severe forms of malaria infection. This could be explained either by
the hypothesis of individual HLA-dependent susceptibility, or, to the
role of cellular immune response that we explore in this study. That
role of cellular responses, although demonstrated in the control of
experimental malaria infection, is not well-informed about the impact of
age [7]. However, it is known that, adults are more resistant to infection
with Plasmodium berghei than young rats [8]. Authors showed how this
susceptibility to Plasmodium berghei infection is associated with TCD4*
CD25* and IL-10 cells in the young rat, whereas resistance in adults
is associated with high levels of cytotoxic TCD8, NK [8]. In the same

line, studies on the dendritic cell have demonstrated how Th2 profile
induced by dentitric profile CD4 is associated with susceptibility to
Plasmodium berghei infection in the young rat, whereas resistance is
related to Thl profile induced by CD4* cells in adults [9].

Thus, if the role of the immune profile associated with animal
resistance (rat or mouse) has been well demonstrated, in humans, we
know few. The aim of our study is to evaluate, in human, how cellular
immunity through Th1 profile could be related to resistance in living in
malaria endemic area.

Research Methodology
Study population

The study covered 150 people aged from 16 to 65 living in malaria-
endemic areas divided into 3 groups: 50 patients with simple malaria,
50 with severe malaria according to WHO definition criteria [10]. 50
uninfected witnessed with a thick negative drop without clinical signs
of malaria and other pathologies. They were selected respectively in the
medical services of Abobo (eastern neighbourhood of Abidjan) in the
emergency services of CHU de Cocody (southern neighbourhood of
Abidjan) and the National Blood Transfusion Center of Abidjan, after
their consent.
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All the patients have received a venous blood sample for the
determination of Plasmodium IgG, Thl cytokines for blood smear
and thick blood smear in order to determine the parasite species and
parasite density.

Dosage of cytokines

The cytokines were dosed at Immunology Laboratory of Medical
Sciences of Abidjan by Elisa Sandwich under the different references
of cytokines, TNFa reference (BE55001), INFy reference (BE45201),
IL-12 reference (BE45621). The controls were diluted to half and the
concentration read from the calibration curve was multiplied by the
dilution factor. For each cytokine the dosage of the sample was made in
triplicate in the titration plates and the average was calculated for each
sample and expressed in Pg/ml.

Dosage of antibodies IgG anti-Plasmodium

The dosage of IgG antibody was carried out by chemiluminescence
in each duplicate serum and the average was calculated and expressed
in pg/ml.

The wording of data was carried out with Microsoft Excel® software.
The statistical analysis of these data was carried out with the software
Epi Info® 2008 (version 3.5.1) allowed to compare the rate of Ac and
Thl cytokines during the evolutionary steps of the disease (severe,
simple, witnesses) thank to the non-parametric tests of Mann Whitney
and Kruskcal Wallis. Th1 cytokine level has been correlated with anti-
Plasmodium antibodies thank to Spearman rank test.

Results

In the severe form, the average rate of anti-Plasmodium IgG is not
statistically higher in the simple form than in the asymptomatic carrier
(Figure 1).

Figure 1 shows the average level of anti-Plasmodium 1gG (ug/ml)
on the ordinate; clinical group item is in abscissa (severe form in blue,
simple form in orange and witnesses in darken gray). The dot-plots
express the distribution of average level of IgG in each clinical status,
(p=0.12).

* Blue dot-plots expressed the level of IgG anti-Plasmodium
falciparum in severe form malaria with maximum, minimum
and mean.

* Orange dot-plots expressed the level of IgG anti-Plasmodium
falciparum in simple form malaria with maximum, minimum
and mean.

* Gray dot-plots expressed the level of IgG anti-Plasmodium
falciparum in witnesses’ malaria with maximum, minimum and
mean.

However, the Th1 cytokines (TNFa, INFy, IL-12) in Figure 2 have
statistically higher average rates in the severe form of malaria than in
both healthy carrier and simple form (p <0.05).

Figure 2 shows the average level of cytokine (pg/ml) on the ordinate
and clinical status on abscissa. The dot-plots express the distribution of
average rates of cytokine of patients in each clinical group.

* Blue dot-plot expressed the mean of INFy concentration with
maximum and minimum.

* Green dot-plot expressed the mean of TNFa- concentration with
maximum and minimum.
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Figure 1: Comparative analysis of cytokine levels, anti-plasmodium IgG in
different clinical stages.
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Figure 2: Dots — plots expressed the concentration of Th1 cytokine in severe
form of malaria..

* Yellow dot-plot expressed the mean of IL-12 concentration with
maximum and minimum

Figure 3 shows the evolution of the 3 cytokines (A: TNFa, B: INFy,
C: IL-12) levels in Pg/ml as a function of anti-Plasmodium IgG average
level in pg/ml.

* Dysplayed correlation between the concentration of IgG anti-
Plasmodium falciparum and the mean of TNFa- ( R*0.0139)

* Dysplayed correlation between the concentration of IgG anti-
Plasmodium falciparum and the mean of INFy. ( R*0.0123)

» Dysplayed correlation between the concentration of IgG anti-
Plasmodium falciparum and the mean of IL-12. ( R*0.0086)

There is no correlation between the level of Th1 cytokines and IgG
antibodies rate (R? in A, B, C respectively is 0, 0139; 0, 0123; 0, 0086).
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Figure 3: Correlation between cytokines concentration and IgG anti-Plasmodium falciparum during the evolution of infection

Discussion

The understanding of mechanisms that try to explain resistance
or susceptibility to the severe form of malaria is not an easy task. It is
recognized from the observations that, the adult is more resistant to
infection because of the premunition [5]. In animals, these observations
provide evidence.

In fact, the studies of Esther Adam and al showed that susceptibility
to Plasmodium berghei infection is associated in young rats with
high levels of TCD4, CD25 + cells and cytokine IL-10 whereas adult
resistance is associated with a high level of cytotoxic CD8 + and NK
cells [8].

Dassé’s work also shows how the OX62CD4 + dendritic cell direct
cellular immune responses to the resistance of adult rats to Plasmodium
berghei infection [9]. TCD8 + cells are able to cause the elimination of
host-infected cells by redundant mechanisms in which INFy and TNF
are identified as cytokines playing an important role during malaria
infection [11]. This resistance in mice is dependent on signals related
to the early production of INFy, IL-12, and TNFa [12,13] in humans.

A robust INF response is associated with lower susceptibility to
infection [14,15], even though reported in both humans and mice,
that excessive INF production can lead to immunopathology inducing
severe complications [16]. In our series, high levels of TNFa associated
with severe malaria (427Pg/ml) are found, whereas in the simple form
this cytokine has low levels. These results are in line with the study on
malaria and the human immune system which states that, with regard
to pathogenicity, TNFa levels are positively correlated with both the
severity of the disease and the fever due to malaria [17,18].

Thus, polymorphism of a single nucleolus in the promotion region
of TNFa in position -308 is associated with high TNFa production and
increased risk of developing or not developing Plasmodium falciparum

cerebral malaria [19,20]. These data could explain these high levels of
TNFa in the severe form. Like TNFa, pupil levels of INFy (350.60Pg/
ml) are associated with severe malaria. These results confirmed by
previous studies show the participation of these cytokines in the
immunopathological mechanism leading to serious complications
[21].

Both cytokines are of the Thl profile. They are without the
induction of IL-12 secreted by the dendritic cell.

The average level of IL-12 raised in our study confirms these
data that are challenged by studies in severe malaria and IL-12 [22-
24]. The premunition (humoral immunity) is known to be associated
with severe malaria resistance in adults living in endemic areas [25].
Cellular immunity, as reported by experimental evidence, is associated
with resistance [8]. In our series, the correlation between the markers
of both immunity profiles is not revealed during the clinical stage
of the infection (Figure 3). That could be explained by the action of
suppressive immunity through IL-10, which secretion is increased
during humoral defenses [26]. This cytokine carries out its suppressive
action on Th1 responses.

Conclusion

On the contrary, the animal model, where it is easy to correlate the
immune profile to susceptibility or resistance, in humans, many reasons
including the evolution of the plasmodial strain from an individual to
another. The immune response face to that evolution of the parasite,
the states of co-morbidity in patient subjected to the environment does
not allow superimposing the animal model in these cases, without
having previously mastered the influence of those factors.

In humans, demonstrating the impact of the immune profile on the
course of infection could help to strengthen the means of preventing
malaria infection by possible manipulation of immune responses.

Immunol Disord Immunother

Volume 3 ¢ Issue 2 + 1000118



Citation: Agnés TD, Séry RD, Oppong RY, Adou AH, Hien S, et al. (2018) Th1 Cytokine Profile Associated of Severe Malaria Resistance In Endemic

Areas. Immunol Disord Immunother 3: 118.

Page 4 of 4

Acknowledgments

We appreciate the contribution of Immunology-Hematology department of
CHU Cocody-Abidjan, the Centre National de Transfusion Sanguine-Abidjan-
Céte d’lvoire. We would like to thank Professors Sombo Mambo Francois, Alioune
Dieye, Romuald Dasse and the head of the General Hospital of Abobo and the
Emergency department of CHU Cocody for their contribution to the different stages
of this study.

Funding Information
The work was supported by TCHAD Ministry of Health.
Authors’ Contributions

Romuald Dasse, Alioune Dieye and Tariam Djibangar Agnés conceptualized
and designed the study. Tariam Djibangar Agnes performed patients and uninfected
witnesses subjects recruitment, cytokines, 1gG anti-Plasmodium antibodies
detection and quantification. All authors participated to revise the different draft
versions and read and approved the final manuscript.

Conflict of Interest
The authors do not have any conflict of interest.

References

1. Saxena QB, Biswas S, Sharma VP (1989) Interaction of human natural Killer
cells with cells with Plasmodium-infected erythrocytes. Exp Parasitol 69: 300-
302.

2. World Health Organization (2016) World Malaria Report. WHO.

3. Stager K, Legros F, Krause G, Low N, Bradley D, et al. (2009) Imported malaria
in children in Industrialized countries. Emerg Infect Dis 15: 185-191.

4. Seringe E, Thellier M, Fontanet A, Legros F, Bouchaud O, et al. (2011) Severe
imported Plasmodium falciparum malaria, France, 1996-2003. Emerg Infect
Dis 17: 807-813.

5. Pérignon JL, Druilhe P (1994) Immune mechanisms underlying the premonition
against Plasmodium falciparum malaria. Mem Inst Oswaldo Cruz 89: 51-53.

6. EnLigne S (2002) Immunité et premunition. Research Institute for Development
(IRD), France.

7. Ormstein BW, Hill EB, Geurs TL, French AR (2012) Natural Killer cell functional
Defects in Pediatric Patiens with severe and recurrent Herpesvirus Infections
207: 458-468.

8. Adam E, Pierrot C, Lafitte S, Godin C, Saoudi A, et al. (2003) The age-related
resistance of rats to Plasmodium berghei infection is associated with differential
cellular and humoral immune responses. Int J Parasitol 33: 1067-1078.

9. Dasse SR, N'guessan K, Kouacou AP, Sombo MF, Jamal K, et al. (2012) Two
Phenotypically Subsets of OX-62 dendritic cells associated with age-related
resistance or susceptibility of Plasmodium Berghei infection in rat. European
Journal of Scientific Research pp: 491-499.

10. Saissy JM, Rouvin B, Koulmann P (2003) Severe malaria in intensive care units
in 2003. Med Trop (Mars) 63: 258-266.

20.

2

=

22.

23.

24,

2

[}

26.

. Butler NS, Schmidt NW, Harty JT (2010) Differential effector pathways regulate

memory CD8 T cell immunity against Plasmodium berghei versus Plasmodium
yoelii sporozoites. J Immunol 184 : 2528-2538.

. Favre N, Ryffel B, Bordmann G, Rudin W (1997) the course of Plasmodium

chabaudi chabaudi infections in interferon-gamma receptor deficient mice.
Parasite Immunol 19: 375-383.

. Jacobs P, Radzioch D, Stevenson MM (1996) A Th1-associated increase in

tumor necrosis factor alpha expression in the spleen correlates with resistance
to blood-stage malaria in mice. Infect Immun 64: 535-541.

. Luty AJ, Lell B, Schmidt-Ott R, Lehman LG, Lucker D, et al. (1999) Interferon-y_

responses are associated with resistance to reinfection with Plasmodium
falciparum in young African children. J Infect Dis 179: 980-988.

. Dodoo D, Omer FM, Todd J, Akanmori BD, Koram KA, et al. (2002) Absolute

levels and ratios of proinflammatory and anti-inflammatory cytokine production
in vitro predict clinical immunity to Plasmodium falciparum malaria. J Infect Dis
185: 971-979.

. Schofield L, Grau GE (2005) Immunological processes in malaria pathogenesis.

Na Rev Immunol 5: 722-735.

. Kwiatkowski D, Perlmann P (1999) Inflammatory processes in pathogenesis of

malaria. In Wahlgren M, Perlimann P. (eds): Malaria and Clinical Aspects. Chur
Harwood Academic. pp: 329-362.

. Kwiatkowski D, Molyneux ME, Stephens S, Curtis N, Klein N, et al. (1993) Anti-

TNF therapy inhibits fever in cerebral malaria. QJM-Int J Med 86:91-98.

.Brown H, Turner G, Rogerson S, Tembo M, Mwenechanya J, et al. (1999)

Cytokine expression in the brain in human cerebral malaria. J Infect Dis
180:1742-1746.

Knight JC, Udalova I, Hill AVS, Greenwood BM, Peshu N, et al. (1999) A
polymorphism that affects OCT-1 binding to the TNF promoter region is
associated with severe malaria. Nature Genet 22:145-150.

. Schofield L, Grau GE (2005) Immunological processes in malaria pathogenesis.

Nat Rev Immunol 5: 722-735.

Lyke KE, Burges R, Cissoko Y, Sangare L, Dao M, et al. (2004) Serum
levels of the proinflammatory cytokines interleukin-1 beta (IL-1beta), IL-6, IL-
8, IL-10, tumor necrosis factor alpha, and IL-12(p70) in Malian children with
severe Plasmodium falciparum malaria and matched uncomplicated malaria or
healthy controls. Infect Immun 72: 5630-5637.

Wroczynska A, Nahorski W, Bakowska A, Pietkiewicz H (2005) Cytokines
and clinical manifestations of malaria in adults with severe and uncomplicated
disease. Int Marit Health 56:103-114.

Driss A, Hibbert JM, Wilson NO, Igbal SA, Adamkiewicz TV, et al. (2011)
Genetic polymorphisms linked to susceptibility to malaria. Malar J 10:271.

. Druilhe P, Perignon JL (1994) Mechanisms of defense against Plasmodium

falciparum asescual blood stages in humans. Immunol Lett 41: 115-120.
May J, Lell B, Luty AJF, Meyer CG, Kremsner PG (2000) Plasma Interleukin-10:

Tumor necrosis factor (TNF)-alpha ratio is associated with TNF promoter
variants and predicts malarial complications. J Infect Dis 182: 1570-1573.

Immunol Disord Immunother

Volume 3 ¢ Issue 2 + 1000118


https://doi.org/10.1016/0014-4894(89)90077-5
https://doi.org/10.1016/0014-4894(89)90077-5
https://doi.org/10.1016/0014-4894(89)90077-5
https://www.cabdirect.org/cabdirect/abstract/20183082836
https://doi.org/10.3201/eid1502.080712
https://doi.org/10.3201/eid1502.080712
https://doi.org/10.3201/eid1705.101527
https://doi.org/10.3201/eid1705.101527
https://doi.org/10.3201/eid1705.101527
https://doi.org/10.1590/s0074-02761994000600013
https://doi.org/10.1590/s0074-02761994000600013
http://www.suds-en-ligne.ird.fr/paludisme/maladie/premunition01.html
http://www.suds-en-ligne.ird.fr/paludisme/maladie/premunition01.html
https://doi.org/10.1093/infdis/jis701
https://doi.org/10.1093/infdis/jis701
https://doi.org/10.1093/infdis/jis701
https://doi.org/10.1016/s0020-7519(03)00176-0
https://doi.org/10.1016/s0020-7519(03)00176-0
https://doi.org/10.1016/s0020-7519(03)00176-0
http://europepmc.org/abstract/med/14579463
http://europepmc.org/abstract/med/14579463
http://www.jimmunol.org/content/184/5/2528.short
http://www.jimmunol.org/content/184/5/2528.short
http://www.jimmunol.org/content/184/5/2528.short
https://doi.org/10.1046/j.1365-3024.1997.d01-227.x
https://doi.org/10.1046/j.1365-3024.1997.d01-227.x
https://doi.org/10.1046/j.1365-3024.1997.d01-227.x
http://iai.asm.org/content/64/2/535.short
http://iai.asm.org/content/64/2/535.short
http://iai.asm.org/content/64/2/535.short
https://doi.org/10.1086/339408
https://doi.org/10.1086/339408
https://doi.org/10.1086/339408
https://doi.org/10.1086/339408
https://doi.org/10.1038/nri1686
https://doi.org/10.1038/nri1686
https://doi.org/10.1093/oxfordjournals.qjmed.a068783
https://doi.org/10.1093/oxfordjournals.qjmed.a068783
https://doi.org/10.1086/315078
https://doi.org/10.1086/315078
https://doi.org/10.1086/315078
https://doi.org/10.1038/9649
https://doi.org/10.1038/9649
https://doi.org/10.1038/9649
https://doi.org/10.1038/nri1686
https://doi.org/10.1038/nri1686
https://doi.org/10.1128/iai.72.10.5630-5637.2004
https://doi.org/10.1128/iai.72.10.5630-5637.2004
https://doi.org/10.1128/iai.72.10.5630-5637.2004
https://doi.org/10.1128/iai.72.10.5630-5637.2004
https://doi.org/10.1128/iai.72.10.5630-5637.2004
https://journals.viamedica.pl/international_maritime_health/article/view/26348
https://journals.viamedica.pl/international_maritime_health/article/view/26348
https://journals.viamedica.pl/international_maritime_health/article/view/26348
https://doi.org/10.1186/1475-2875-10-271
https://doi.org/10.1186/1475-2875-10-271
https://doi.org/10.1016/0165-2478(94)90118-x
https://doi.org/10.1016/0165-2478(94)90118-x
https://doi.org/10.1086/315857
https://doi.org/10.1086/315857
https://doi.org/10.1086/315857

	Title
	Corresponding author
	Keywords
	Introduction
	Research Methodology
	Study population
	Dosage of cytokines
	Dosage of antibodies IgG anti-Plasmodium

	Results
	Discussion
	Conclusion
	Acknowledgments
	Funding Information
	Authors’ Contributions
	Conflict of Interest
	Figure 1
	Figure 2
	Figure 3
	References

