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        Abstract


        Background


        Anti-Merozoite surface proteins (MSP) IgG response are really associeted with lower malaria morbidity and mortality. However, only few studies have looked at the implications of their variations on the course of clinical and biological forms of severe malaria.


        Methods


        This cross-sectional, prospective, and analytical study evaluates the IgG responses against the antigens MSP1, MSP4-20 and MSP4-40 of P. falciparum during severe malaria in patients hospitalized in the infectious diseases department of Fann university hospital from October 1, 2017, to November 30, 2019.


        Results


        A total of 86 patients were selected. The average age of patients was 34 ± 17 years. Renal (74.4%), neurological (63.9%) and hepatic (55.8%) impairment were the main WHO-forms of severity. The mean hemoglobin level was 11.2 ± 3 g/dL The parasitemia was lower (< 0.5%) in 80% of cases. In the evolution, 10 patients deceased making the lathality rate of of 11.6%. The presence of associated and comorbidities was linked to low levels of anti-MSP4-40 IgG (p = 0.032) and anti-MSP1 (p = 0.037), respectively. The number of failures per patient increased with the fall in the levels of anti-MSP1 IgG (p = 0.017) and MSP4-20 (p = 0.04). Only high levels of anti-MSP4-40 IgG were statistically associated with low lethality (p = 0.037).


        Conclusion


        Anti-MSP1, MSP4-20, and MSP4 antibodies are involved in the anti-plasmodial humoral response in severe malaria. Their blood levels can serve as prognostic biomarkers for an optimal management.
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        Introduction


        Plasmodium falciparum malaria remains a global public health problem. The World Health Organization (WHO) estimates that 3.3 billion people are at risk of infection with an incidence of 229 million cases associated with 409,000 deaths per year [1]. However, a significant decline in endemicity has been noted over the past 20 years [1-5]. In the WHO Africa Region, incident cases fell from 294 cases per 1000 in 2010 to 229 cases in 2018 (-22%) [5]. In Senegal, between 2018 and 2019, the incidence of malaria decreased by 35.4% [6]. This decrease in endemicity exposes to severe forms [2,7]. Adequate management of these severe forms implies a better understanding of their pathophysiology in which the involvement of antibodies has been widely demonstrated [8-10]. Several Senegalese studies have confirmed the significant relationship between high levels of anti-MSP1, MSP4-20, MSP4-40 antibodies (Ab) and low malaria morbidity and mortality [11-13]. However, only a few have been interested in the implications of their variation on the course of clinical and biological forms of severe malaria [11,14]. Thus, our study was conducted to analyze the IgG responses against P. falciparum MSP1, MSP4-20 and MSP4-40 antigens during severe malaria in patients hospitalized in the infectious diseases department of Fann university hospital.


        Materials and Methods


        Population and study design


        This is a cross-sectional, prospective, and analytical study. All patients presenting severe malaria according to the WHO severity criteria [15] and hospitalized in the infectious diseases department of Fann university hospital from October 1, 2017, to November 30, 2019, were eligible for the study. Informed consent was previously obtained from patients or their representatives, before inclusion. Patients who were infected with HIV and those who had not given their consent were systematically excluded. Data were collected using a standard questionnaire To separate-demographic, clinical, biological, immunological, therapeutic, and evolution characteristics.


        Definition of variables


        In this study, chronic pathologies (diabetes, high blood pressure, asthma, etc.) constituting a field on which severe malaria has developed have been considered comorbidities. Acute pathologies (bacterial infection, recent stroke, etc.) intercurrent to severe malaria were considered associated diagnoses. Probable bacterial infection was retained as an associated diagnosis ahead of the persistence of the infectous syndrome after 3 doses of artesunate and a negative control (thick blood film analysis). In case a bacterium was isolated, the infection was considered confirmed (bacteremia). Clinical, biological and parasitological forms of severe malaria were defined according to the WHO severity criteria [15]. Renal, hematological, electrolyte, and hepatic disturbances were defined according to the table of usual biological constants of the Perlemuter 2017 therapeutic guide [16].


        Laboratory methods


        The thick blood films were stained by the May-Grünwald Giemsa at 10% and read under the microscope using the 100-immersion objective compared to a field of about 200 leukocytes. For the serological study, whole blood samples were taken from the elbow crease with an EDTA tube. The serum of each sample was isolated after centrifugation at 4000 revolutions/min for 5 minutes. The anti-MSP1, MSP4-20 and MSP4-40 IgGs were dosed by the ELISA technique according to the protocol described by Mbengue, et al. [10,12]. The optical densities (OD) measured with a spectrophotometer at 450 nm (Asys Hitech®) were used to express the results in OD ratio (ODrt) which corresponds to the ratio of the OD of the sample to that of a systematic negative control (pool of sera of unexposed Europeans). The validity of negative responses was checked with an African naïve control serum. A pool of sera collected from hyperimmune subjects served as a positive control. Were considered as responders, patients showing OD rt of ≥ 2 (the mean of naïve controls plus 2 standard deviations, representing a positivity of more than 95%).


        Data analysis


        Data were analyzed using Statview 5.1 software (SAS Institue, Cary, NJ). The comparison of the Ab levels according to the clinical-biological parameters was carried out using the non-parametric Kruskal-Wallis test after verification of the normality of the distribution. The difference was considered significative with a P-value < 0,05.


        Results


        Epidemiological, therapeutic, and evolution characteristics


        A total of 86 patients were selected. The average age was 34 ± 17 years. In their history, 31.4% of patients had some notion of travel to other regions of Senegal in the past 3 months. High blood pressure was the most reported comorbidity (9.3%). Half (54.5%) of the co-morbid patients were over 55 years of age. In addition, another diagnosis was associated with severe malaria in 20 patients (23.3%), 20% of whom were over 60-years-old (Table 1). Renal (74.4%), neurological (63.9%) and hepatic (55.8%) damage were the main forms of severity. The mean hemoglobin level was 11.2 ± 3 g/dl with low parasitemia (< 0.5%) in 80% of cases parenteral artesunate was the drug of choice in all our patients. The outcome was favorable in 76 patients (88.4%). Ten patients had died making a lethality rate of 11.6%.


        
          Table 1: Comorbidity and associated diagnoses of patients hospitalized for severe malaria at the infectious and tropical department of Fann university hospital from October 1, 2017 to November 30, 2019 (n = 86). View Table 1

        


        Analysis of anti-MSP IgG responses


        We noted a significant decrease in the levels of anti-MSP4-40 IgG (p = 0.032) and anti-MSP1 IgG (p = 0.037) in patients presenting an associated diagnosis and a comorbidity, respectively (Figure 1 and Figure 2). Comparing the patients antibody levels with the number of visceral failures, we observed that anti-MSP1 (p = 0.017) and anti-MSP4-20 IgG levels was significantly lower (p = 0.04) in patients with higher number of impaired organs (Figure 3). On the other hand, depending on the evolution of the patients, high levels of anti-MSP4-40 IgG were statistically associated with low lethality (p = 0.037) (Figure 4).


        
          [image: ] Figure 1: Comparison of anti-MSP1, MSP4-20 and MSP4-40 IgG levels of patients hospitalized for severe malaria at the infectious and tropical department of Fann university hospital, depending on the presence or absence of comorbidities. View Figure 1

        

        

        
          [image: ] Figure 2: Comparison of anti-MSP1, MSP4-20 and MSP4-40 IgG levels of patients hospitalized for severe malaria at the infectious and tropical department of Fann university hospital, depending on the presence or not of an associated diagnosis. View Figure 2

        

        

        
          [image: ] Figure 3: Comparison of anti-MSP1, MSP4-20 and MSP4-40 IgG levels of patients hospitalized for severe malaria at the infectious and tropical department of Fann university hospital, depending on the evolution. View Figure 3

        

        

        
          [image: ] Figure 4: Comparison of anti-MSP1, MSP4-20 and MSP4-40 IgG levels of patients hospitalized for severe malaria at the infectious and tropical department of the Fann university hospital, depending on the number of impaired organs. View Figure 4

        


        Discussion


        High levels of antibodies to merozoite surface antigens are associated with low malaria morbidity and mortality [11-13]. These antibody responses are, however, heterogeneous and variable depending on several factors. Kwenti TE, et al. [17] in their study in Cameroonian children, observed that anti-MSP1p19 antibody responses varied according to age and different bioecological strata. Female gender was associated with high levels of anti-MSP1p19 antibodies in a Ugandan study [18]. In Senegal, Mbengue, et al. [13] noted that the association of antibody responses and parasitemia was dependent on anti-MSP3 IgG in children but linked to anti-MSP1p19 IgG in adults. In Malawi, Dobaño C, et al. [19] noted that anti-MSP1 and MSP2 IgG levels varied according to clinical phenotypes. Our study adds to this set of factors, the associated diagnosis, and comorbidities. They were associated with low levels of anti-MSP4-40 and anti-MSP1 IgG, respectively. Our results could explain the increased risk of pernicious attacks in diabetics and obese people described by Wyss K, et al. [20] as well as the high lethality in patients with a combination of malaria and bacterial infection in the series of Diop A, et al. [21]. In addition, the high lethality in subjects over 60 years of age in our series may also be linked to this weak antibody response since more than half (55.6%) of them had at least one comorbidity.


        It is evident that severe forms of malaria result from a complex cascade of events including quantitative and/or qualitative defects in protective antibody responses and cytokine disorders causing immunopathological effects [10]. Thiaw M, in his study in Dakar, reported a positive correlation between the number of visceral failures per patient and serum concentrations of pro and anti-inflammatory cytokines (IL-6, TNF-α, IL-10) [22]. Our results are perfectly complementary to these observations. The number of impaired organs per patient in our series increased with the fall in protective antibody levels (anti-MSP1 and MSP4-20 IgG). It is just the same phenomenon seen from the other angle of view.


        The relationship between the outcome of severe malaria and the levels of antibodies against vaccine candidate antigens is no longer to be proven [11,10]. Mbengue, et al. [14] reported a negative correlation between hospital lethality of severe malaria and anti-GPI antibody levels, in 2015 and recently between cerebral malaria-related lethality and anti-MSP1p19 and MSP-3 antibody levels [11]. In our study, elevated anti-MSP4-40 IgG levels were statistically associated with low lethality. These antibody-dependent protective effects result from several mechanisms. Antibody-Dependent Cellular Inhibition (ADCI) in vitro experiments demonstrated that cytophilic antibodies directed against the MSP3 and GLURP antigens (Glutamate - Rich Protein) could inhibit the invasion of the erythrocytes by merozoites or neutralizing circulating parasites in the presence of monocytes [23]. In Burkina Faso, Aucan, et al. [24] showed a negative association between anti-RESA (Ring-infected Erythrocyte Surface Antigen) and anti-MSP2 antibody titer with low parasite loads suggesting parasitic suppression dependent on immunoglobulins. In addition, strong anti-staging blood IgG responses in the series by O'Flaherty K, et al. [25] were associated with more therapeutic effects in patients on artemisinin derivative-based treatments. Thus, the high levels of anti-MSP4-40 IgG in our survivors and the systematic use of Artesunate may partly explain the high cure rate (88.37%) observed in our study.


        Limitations


        This study has certain limitations. It did not address the IgG subclasses especially the cytophilic IgG1 and 3, which would provide more clarity and precision. In addition, other isotypes such as IgM and IgA important in the anti-malaria response were not measured. As our results are not derived from a vaccine trial, they are not sufficient as formal evidence of antiparasitic protection in severe forms of malaria.


        Conclusion


        The morbidity and mortality associated with severe malaria remain a concern in Dakar, Senegal. This cross-sectional, prospective, and analytical study aimed to analyze the IgG responses against P. falciparum MSP1, MSP4-20 and MSP4-40 antigens during severe malaria in patients hospitalized in the infectious diseases department of Fann university hospital. As this is not a vaccine trial, our findings have just suggested the involvement of anti-MSP1, MSP4-20, and MSP4 antibodies in the anti-plasmodial response in severe malaria. Nevertheless, the level of such specific types of MSP IgG might serve as prognostic biomarkers to prevent deadly outcomes in patients with severe malaria.
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