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Mixed Plasmodium species infections and malaria susceptibility among Fulani, Lobi and Birifor ethnic groups in Bouna, Côte d’Ivoire 
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ABSTRACT

	Background: Malaria remains a major health problem in sub-Saharan Africa. One of the main challenges that researchers are facing in eliminating the parasite is chemoresistance to antimalarial drugs. Resistance to artemisinin, the main molecule of drug combinations used in malaria treatment, has been observed in Asia, as well as in Africa.
Aims: The aim is to study malaria susceptibility among a rural population of Bouna, in Côte d’Ivoire, that includes the Fulani and understand the influence of mixed infections on this susceptibility.
Methodology: This is a Cross-sectional study. The study was conducted in ten villages of Niandegué (Bouna, Côte d’Ivoire) between June and September 2018. Two hundred and sixty-five (265) participants were enrolled. They included the Fulani (181), Lobi (70), and Birifor (14) sub-populations, with ages ranging from 4 to 15 years. Four (4) ml of whole blood were collected for the identification of Plasmodium species using RDT-HRP2, blood smears, and PCR tests   
Results: This study shows differences in malaria susceptibility among populations living in Bouna. The Fulani ethnic group are associated with asymptomatic malaria (107/181) and the Lobi with symptomatic malaria (16/70) (P=.002). Multiple correspondence analysis show that the Birifor ethnic group has low malaria susceptibility as the Fulani. This study also highlights that triple infections are less observed in Fulani people compared to the other groups (P = 0.038).
Conclusion: The Fulani seem to have developed a cross-species immunity which able them to resist to malaria. Birifor also seems to be less susceptible to malaria. More studies targeting the Fulani but also the Birifor ethnic groups need to be carried out to attest the results fund and well understand the mechanism of their resistance to malaria. 
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1. INTRODUCTION 

Malaria is a parasitic disease caused by a protozoan of the genus Plasmodium. Environmental elements such as landscape, precipitation, climate conditions, and socioeconomic factors of the population play a crucial role in the transmission of malaria (Zubair et al., 2024). This disease remains a major health problem in sub-Saharan Africa (Nghochuzie et al., 2020). Indeed, the number of deaths remains high (608,000 in 2022) even though it has declined since 2000 (864,000) (World Health Organization, 2023). Over half of these deaths occurred in the following combined four (4) sub-Saharan Africa countries: Nigeria (31%), the Democratic Republic of the Congo (12%), Niger (6%) and the United Republic of Tanzania (4%). About 90% of all malaria deaths in the world today occur in Africa, South of the Sahara.  This is because the majority of the infections in Africa are caused by P. falciparum, the most dangerous of the four human malaria parasites (Anyinkeng et al., 2024). In Côte d’Ivoire, there is a lack of up-to-date data on malaria mortality and morbidity. However,  33% of outpatient visits are related to malaria (PNLP CI, 2020), with a number of deaths estimated to be 1316 in 2020 (Centre d’information et de communication gouvernementale (CICG, 2022). The number of deaths in Côte d’Ivoire did not change in 2022 (World Health Organization, 2023).
One of the main challenges that researchers are facing in eliminating the parasite is chemoresistance to antimalarial drugs. It is therefore necessary to continue the development of new, low-cost antimalarial drugs with new mechanisms of action (Mbala et al., 2024). Resistance to artemisinin, the main molecule of drug combinations used in malaria treatment, has been observed in Asia, as well as in Africa (World Health Organization, 2023). The prevalence of K13 mutations associated with artemisinin resistance was 35.5% (C580Y) in Asia and 22.8% in Africa (K189T) (Hung et al., 2024). This resistance could intensify and become so prevalent that it would be withdrawn, as was the case with chloroquine in the 2000s (Njiro et al., 2022). This justifies the quest for new medical strategies against malaria.
A natural resistance to malaria was observed in an African sub-population that spread across several West African countries. In Burkina Faso, the Fulani ethnic group are less affected by malaria and has a low geometric parasitemia compared to the Mossi and Rimaibé ethnic groups (Modiano et al., 1996). This group comprises over 30 million people primarily spread across West and Central Africa, many of whom maintain a nomadic pastoralist lifestyle (Shahin et al., 2025). This was the case for the Fulani in Mali compared to the Dogon ethnic group, and for the  Fulani in South Sudan when compared to the Masaleit ethnic group (Maiga et al., 2014; Nasr et al., 2009).  
However, the reason for the natural resistance of the Fulani to malaria is not well understood. Some authors have established that genes naturally involved in malaria susceptibility could not explain this natural resistance (Modiano et al., 2001). Understanding the mechanism of this natural resistance to malaria could be beneficial for the research of new medical strategies. Various hypotheses have therefore been tested in an attempt to explain the low susceptibility to malaria of the Fulani ethnic group. Some authors have observed in the Fulani population a high level of antibodies against malaria antigens (Luoni et al., 2001). Others found that Fulani present a high percentage of activated memory B-cells (Portugal et al., 2012), cells involved in antigen presentation to naïve T-cells. In this work, we are going to study the prevalence of malaria noticed among Fulani people, as compared to other ethnic groups living in Bouna, a town in the north of Côte d'Ivoire with a limited amount of epidemiologic data available in the literature. We will then examine the link between the mixed Plasmodium species infection and the susceptibility to malaria. Indeed, the effect of mixed infections on malaria severity shows contradictory results. For some authors, mixed infections of Plasmodium falciparum and Plasmodium vivax can lead to severe malaria (Lee et al., 2011) while other studies have observed high prevalence of Plasmodium malariae, ovale and falciparum in asymptomatic malaria parasite carriers (Abdulraheem et al., 2022). We know that Plasmodium vivax was not present in Duffy-negative subjects until recently (Abdelraheem et al., 2016; Niangaly et al., 2017). Could it be that the infectivity of some Plasmodium species is low in the Fulani compared with other populations?



2. methodology 

2.1 Type of study, area, and population
This cross-sectional study was conducted in Bouna, a city located in the northeast of Côte d’Ivoire (Bounkani region in Zanzan district), at 603 km from the economic capital city of Abidjan. Bouna belongs to the savanna zone and has two rainy seasons, from April to June, and from September to October (Ahoussi et al., 2012). Malaria transmission is therefore perennial with a low incidence in the dry season and an annual prevalence of 28% according to data provided by the Health Departmental Office (Direction Départementale de la Santé de Bouna, 2017).  The study participants were from the Niandegué’s Health district (figure 1), which is home to various ethnic groups, including the Koulongo (the majority group), the Malinké, the Fulani, the Lobi and the Birifor group (Boutillier, 1969; Hauhouot, 1982). A preliminary sociodemographic study (unpublished data) helped to establish that these three live in rural areas with no access to tap water or electricity. The Fulani are known for their pastoralism, while the Lobi and Birifor, who are more closely related ethnic groups, are known as farmers. For this study, Fulani, Lobi and Birifor were the three ethnic groups selected. All groups live in villages less than 5 km from each other. 
[image: ]
Fig 1. Sanitary Niandegué map




2.2 Sample collection
[bookmark: _Hlk175048928]Data and samples were collected in June and in September 2018, during the second rainy season. The research team consisted of an investigator, a nurse, a community health worker, a field agent, and two laboratory technicians. A survey was conducted on different households with children aged 4 to 15 years old. A questionnaire was used to identify children with parents of the same ethnic group and collect information regarding children’s sex, their age, their risk of exposure to infectious bites, and so on. For the sample collection, 4 ml of venous blood collected into an EDTA tube was used to perform a malaria Rapid Diagnostic Test (RDT), blood smears, and a molecular Plasmodium species detection. The RDT was performed in the field using a Plasmodium falciparum Histidine Rich Protein 2 (HRP2) antigen-based test.  In cases where malaria symptoms were observed (temporal temperature ≥ 38.5°C or history of fever within 24 hours, headache, vomiting, etc.) and the RDT was positive, a treatment with an Artemisinin-based Combination Therapy was initiated according to the malaria treatment national guidelines. The children in this case were considered “symptomatic”. For children with a positive RDT but without any malaria symptoms two weeks before or during the blood collection, a two-week follow-up was done at home by the community health worker. Children who did not show any symptoms after this period were considered “asymptomatic” for this study. Finally, children with a negative RDT and without symptoms were considered “healthy”.

2.3 Malaria microscopic diagnosis 
The venous blood collected in the field was stored in a container at 4°C and sent to the General Hospital of Bouna, where blood smears were prepared and stained with 10% GIEMSA solution for 15 minutes. The smears were taken to the Centre de Recherche et de Lutte contre le Paludisme from the Institut National de Santé Publique (INSP/CRL) at Abidjan. The parasitemia was determined according to standard procedures by two independent laboratory technicians. In the case of discrepant results greater than 50%, a third reading was done by another technician and the mean of the two closest values was used for the parasitemia determination.

 2.4 Plasmodium species molecular identification 
[bookmark: _Hlk195002786]The identification of Plasmodium species involved in malaria infection in the children was done by PCR targeting the small subunit 18s rRNA gene. Specifically, a nested-PCR was performed for Plasmodium ovale identification at the INSP/CRLP, using a published protocol (Snounou et al., 1993; Snounou & Singh, 2002). The primers used for the first amplification targeting Plasmodium genus were as follows: 5’CCTGTTGTTGCCTTAAACTTC3’ (forward) and 5’TTAAAATTGTTGCAGTT AAAACG 3’ (reverse). The primers specific to the Plasmodium ovale species were as follows: 5’ ATCTCTTTTGCTATTTTTTAGTATTGGAGA3’ (forward) and 5’ GGAAAAGGACACATTAATTGTATCCTAGTG 3’ (reverse). For Plasmodium falciparum, malariae and vivax, the identification was done by qPCR at the Malaria Research and Training Centre (MRTC) of the Université des Sciences, des techniques et des technologies, de Bamako (Mali) (Adams et al., 2015; Kamau et al., 2011). The forward primers of the different species researched were 5’-CCGACTAGGTGTTGGATGAAAGTGTTAA-3’ for Plasmodium falciparum, 5’-CCGACTAGGCTTTGGATGAAAGATTTTA-3’for Plasmodium vivax and 5’-CCGACTAGGTGTTGGATGATAGAGTAAA-3’ for Plasmodium malariae. The probe was the forward sequence of Actin_Ultra_P 5’-CCGACTAGGCTTTGGATGAAAGATTTTA-3’. The mixture composition for the detection of Plasmodium falciparum, Plasmodium malariae and Plasmodium vivax was composed for a 10µL reaction mix, of 0.6 µL of P. falciparum primer (5 µM) and P. malariae (5 µM) in duplex, 0.4 µL of P. vivax (5 µM), 0.4 µL of the probe (5 µM), 5µL de Taqman multiplex 2x mastermix, 0.2µl d’ Uracil-DNA Glycosylase, 0.1 µl of QuantiTect RT Mix, 1.5 µl d’ADN and DNA/RNAse free water in sufficient quantity. The PCR conditions were 20 min at 50°C, 15 min at 95°C, followed by 35 cycles of 45 s at 94 °C and 75 s at 60 °C. For the detection of P. ovale, the reaction mix was composed of 0.5 µL of forward primer (10µM), 0.5 µL of reverse primer (10 µM), 12.5 µL of One Taq 2x Master mix and 10.5 µL of DNA/RNAse free water. The PCR condition was 5 min at 95°C, 2 min at 58 °C, 2 min at 72°c, followed by 24 cycles of 1 min at 94°c, 2 min at 58°C, 2 min at 72 °C.


2.5 Statistical test
The XLSTAT, version 2021.1.1.1082 and the SPSS software were used for the statistical analyses. More specifically, The Chi-square test was used to study the relationship between the age group and symptomatic malaria infection within the different ethnic groups. The Fisher exact test was used to compare the exposure to infective bites, the positive RDT test, the positive blood smear test, and the frequency of Plasmodium species between the ethnic groups. In addition, a comparison of the parasitemia geometric mean from each ethnic group (Birifor and Lobi) was determined with the Mann-Whitney test. Finally, multiple correspondence tests were done to determine which parameter (age, ethnic group, parasitemia) was associated with the individuals’ malaria susceptibility (asymptomatic malaria, symptomatic malaria or healthy). For the analysis, a p-value of 5% (P ≤ .05) was set as the statistically significant threshold.


3. results and discussion

3.1 The study population, composed of Fulani, Birifor and Lobi ethnic groups, has the same exposure to infectious bites
This study identified 674 children between 4 and 15 years old in the general population of the Niandegué health district. The enrolled population consisted of 265 children whose parents belonged to the same ethnic groups. Of these children, 181 were Fulani (68.30 %), 70 were Lobi (26.42 %), and 14 were Birifor (5.28 %). The age of the majority of the population was between 5 and 9 years old (95 Fulani children or 52.48%, 35 Lobi children or 50%, and 11 Birifor children or 79%). The sex ratio was 0.86, 0.94, and 0.55, respectively, in the Fulani, Lobi, and Birifor groups. Figure 2 shows the ethnic groups distribution of the study population by age. A comparative study of children's exposure to mosquito bites was also carried out between the different ethnic groups. The results showed no significant difference between exposure to infectious bites for the three ethnic groups (Table 1).





Fig 2. Repartition of the population of Bouna by age

Table 1. 	Distribution of households of the ethnic groups studied in Bouna according to different factors of exposure to malaria 
	[bookmark: _Hlk105405086]Ethnic group
	Breeding sites
	Use of insecticides
	Use of LLINs*

	
	Present
	Absent
	Yes
	No
	Yes
	No

	BIRIFOR
	1
(0.2)
	4
(0.8)
	3
(0.6)
	2
(0.4)
	1
(0.2)
	4
(0.8)

	FULANI
	7
(0.33)
	14
(0.67)
	16
(0.83)
	5
(0.17)
	10
(0.17)
	49
(0.83)

	LOBI
	29
(0.49)
	30
(0.51)
	49
(0.76)
	10
(0.24)
	7
(0.33)
	14
(0.67)

	p-value
(Exact Fisher’s test)
	0.328
	0.275
	0.258


*LLINs: Long-lasting insecticidal nets

3.2 The Fulani had the majority of negative RDTs and blood smears compared to the Lobi and the Birifor
Different methods to detect Plasmodium infections were used, which yielded different results. The malaria infection rate was 66.4% (176/265) by RDT, 74.3% (197/265) by microscopy and 94% (249/265) by PCR. The Lobi ethnic group had the majority of positive RDTs and blood smears, while the Fulani ethnic group had the majority of negative RDTs and blood smears (P, Fisher test < .0001 and P = .009, respectively). In the Lobi ethnic group, 92.9% (65/70) of RDTs were positive, while the proportion of positive tests was 85.7% (12/14) and 54.7% (99/181) in Birifor and Fulani, respectively. On the other hand, 30.9% (56/181) of blood smears were negative in the Fulani ethnic group compared to 21.4% (3/14) in the Birifor and 12.9% (9/70) in the Lobi ethnic groups.  No statistically significant difference was seen in the PCR results from the three ethnic groups. The result of the PCR was negative for none individuals from the Birifor ethnic group (0/14), but the rate of negative PCR was 1% (1/70) for the Lobi and 8 % (15/181) for the Fulani ethnic group (P = .077). 
3.3 The geometric mean parasitemia of the Fulani is low compared to the Lobi and the Birifor ethnic groups
A total of 197 individuals exhibited positive blood smears. Parasitemia levels ranged from 30 to 61, 811 trp/µL with a significant difference in the geometric mean parasitemia between the Fulani (514 ± 4,7 trp/µL) compared to the Lobi (910 ± 3,6 trp/µL) (P = .007). For the Birifor ethnic group, the geometric mean of the parasitemia was 828 ± 4,1 trp/µL. The geometric mean parasitemia in all the ethnic groups was 607 ± 4,4 trp/µL.
3.4 Symptomatic malaria is associated with the Lobi, and asymptomatic malaria with the Fulani and the Birifor
The prevalence of malaria cases in Bouna was 13% (35/265) in this study, while the prevalence of asymptomatic infection was 61% (162/265). The result of the multiple correspondence analysis (figure 4) using the F2 axis indicated two types of association. First, an association of asymptomatic health status with the Birifor ethnic group for children between 5 and 9 years old and with the Fulani for children over 10 years old, visualised by the proximity of their projection point. Second, an association of symptomatic health status with the Lobi ethnic group, with a parasitemia ranging from 601 trp/µL to 13,272 trp/µl. A Chi-square test confirmed an association of the Fulani ethnic group with an asymptomatic health status compared to the Lobi ethnic group (P = .002).
[image: ]
[bookmark: _Hlk173322543]PARA: parasitemia in trp/µl
sex-F: female
sex-M: male 
Fig 3: Projection of variables associated with the health status of Bouna’s population in the plan 1 x 2 factorial of multiple correspondence analysis
3.5 High mixed infection in general is observed in the study population, but Fulani displays less triple infection (Plasmodium falciparum/ Plasmodium malariae/Plasmodium ovale)
[bookmark: _Hlk191459197][bookmark: _Hlk191459338]Regardless of whether the infection is single or mixed, the prevalence of Plasmodium falciparum in the study population infected was 95.98% (239/249). Monospecific Plasmodium falciparum infections were observed in 128/249 children (51.41%) of individuals. A monospecific P. malariae infection was observed in 8/249 individuals (3.21%) while a monospecific P. ovale infection was observed in 1/249 individuals (0.40%). Mixed infections were estimated in the population at 44.98% (112/249) (Plasmodium falciparum/Plasmodium ovale, Plasmodium falciparum/Plasmodium malariae and Plasmodium falciparum/Plasmodium ovale/Plasmodium malariae, but also Plasmodium malariae/Plasmodium ovale). P. vivax infection was not detected in the study. There was no statistically significant difference in the distribution of Plasmodium species within the different ethnic groups (P = .079; figures 5 and 6). However, the triple infection (Plasmodium falciparum/ Plasmodium malariae/Plasmodium ovale) was more present in the other two ethnic groups than Fulani (P =.038).

Fig 4. Plasmodium species repartition in the population of Bouna
FAL: Plasmodium falciparum
MAL: Plasmodium malariae
OVA: Plasmodium ovale

Fig 5. Distribution of plasmodium species in the different ethnic’s groups of Bouna
FAL : Plasmodium falciparum
MAL : Plasmodium malariae
OVA : Plasmodium ovale

4. DISCUSSION
During this study, an assessment of the malaria epidemiology in three ethnic groups, including the Fulani, the Lobi and the Birifor from the northeast of Côte d’Ivoire, was performed. All three ethnic groups studied were living in the same area and were all subject to the same exposure to mosquito bites as highlighted by the different indicators used (breeding sites, use of insecticides, and the use of LLINs).
A low prevalence (13%) of malaria was recorded in the area of Bouna, compared to the prevalence expected (28%), by the Departmental Health Office of Bouna (Direction Départementale de la Santé de Bouna, 2017). This could provide an indication that the bed net distribution in the study area, which took place one year prior to the study (Agence Ivoirienne de Presse, 2017) had a real impact on malaria transmission. 
[bookmark: _Hlk178061324] We observed that some ethnic groups were less susceptible to malaria. The Fulani ethnic group were less susceptible to malaria compared to the Lobi when considering different malaria indicators. The prevalence of positive RDT and blood smears was higher in the Lobi compared to the other groups (inversely for the proportion of negative RDTs), and the geometric mean parasitemia of the Fulani was lower (> 1.5-fold) compared to the other ethnic groups. Also, symptomatic malaria has been associated with the Lobi and asymptomatic malaria with the Fulani. Those results are in agreement with the previous studies in support of the lower susceptibility of the Fulani ethnic group to malaria compared to the other sympatric ethnic groups (Dolo et al., 2005; D. Modiano et al., 1996). This preliminary result should not only be confirmed by a larger sample size, but the reasons of the Fulani resistance to malaria should also be investigated in Bouna (Côte d’Ivoire). This low susceptibility of the Fulani could also be the reason for the lower malaria prevalence seen in  Bouna (13%) compared to the expectation (28%) of the Departmental office of public health (Direction Départementale de la Santé de Bouna, 2017). 
This study highlighted an association of the Birifor ethnic group with asymptomatic malaria. In the Birifor ethnic group, individuals were less susceptible to malaria between 5 and 9 years, as opposed to more than 10 years in the Fulani ethnic group. This suggests that the mechanism underlying susceptibility to malaria in those ethnic groups could be different and deserves to be investigated further. Indeed, geometric mean parasitemia seen in the Birifor is higher than that of the Fulani ethnic group. This may suggest that the resistance of the Birifor ethnic group to malaria could be attributed to a better control of malaria symptoms (fever, headache, etc.), while the resistance of the Fulani ethnic group to malaria could be due to a better control of parasite development (reduction of parasitemia).  Nevertheless, the results confirm the existence of different responses and susceptibility to malaria across the world for different populations and ethnic groups. For example, the Tharu in Nepal (G. Modiano et al., 1991) or the Melanesians in Papua New Guinea (Kidson et al., 1981) are all able to resist malaria compared to sympatric ethnic groups. Given the small size of the cohort in this study, a study on a larger cohort is needed to confirm our findings. 
Plasmodium falciparum was the predominant species (239/249; 95.98%), involved in the malaria infection of the Niandegué population. This result corroborates the rate of infection to Plasmodium falciparum for a sub-Saharan region of Africa, expected to be greater than 80% in the rainy season (Molez & Baudon, 1984). In addition, Plasmodium falciparum was associated with 41.88% (111/265) of malaria cases, along with P. ovale and /or P. malaria species, which have already been reported in other regions of Côte d'Ivoire (Nzeyimana et al., 2002). Other African countries (Zhu et al., 2019) have a significant malaria infection caused by multiple species. Indeed, the proportion of mixed infection in Africa ranges from 29% in Gambia to 63% in Malawi (Zhu et al., 2019). According to a study (Kotepui et al., 2020) this mixed infection could be highly associated with severe malaria anaemia and pulmonary complications.  In fact, the study shows that Fulani, which has been associated with asymptomatic cases, present less triple infection (Plasmodium falciparum/plasmodium malariae/plasmodium ovale) than the other ethnic groups. This result is consistent with the previous study (Kotepui et al., 2020). However, it differs from the results obtained by another study (Abdulraheem et al., 2022) who observed a high frequency of these same triple mutants in asymptomatic individuals from southwest Nigeria. This may mean that the Fulani have developed a cross-species immunity that does not exist in Nigerian populations. 
Monospecific infections with P. malariae (3.21%), which are lower than the 5 to 15% predicted by the IRD (Institut de recherche pour le développement) for the regions of sub-Saharan Africa (Molez & Baudon, 1984), were also observed. The results of monoinfection with P. ovale (0.40%) found in this study are in the range of the 0.1 to 5% predicted by IRD. The results are a little higher than those found in the west of Côte d’Ivoire (Raso et al., 2004) (2.2 % for P. malariae and 0.2% for P. ovale) and those observed in the Center of the Côte d’Ivoire (Bassa et al., 2016) (1.1 % for P. malaria and 0% for P. ovale). The low rate of monospecific infection of P. malariae suggests, however, that 300 individuals out of the 9,346 population of Niandegué run the risk of developing P. malariae infection that will escape detection by the commonly used RDTs specific for P. falciparum. Consequently, there could be an under-evaluation of malaria infection that does not account for species like P. malariae. This also advocates for a better choice of RDTs. Health workers in this region should therefore improve their training to perform blood smears and acquire equipment able to better discriminate Plasmodium species, or simply transfer suspected non-P. falciparum cases to a  better-equipped health centre.
This study did not detect infection by Plasmodium vivax, contrary to recent works carried out in various African countries, including Kenya, Mali, and Sudan (Abdelraheem et al., 2016; Niangaly et al., 2017; Ryan et al., 2006) where they were reported in several populations. It has long been suggested that Duffy negative black African subjects did not have the receptor that binds the DBP1 ligand of P. vivax on their erythrocytes (Garnham, 1966; Miller et al., 1976). However, it is possible that other P. vivax ligands could attach to the erythrocytes of Duffy negative subjects (Gunalan et al., 2018). This suggests that binding of ligands other than DBP1 by Plasmodium vivax could be a recent event in African populations, which has not yet occurred in this region of Côte d'Ivoire, or that the P. vivax species is not yet present in this area. A study with a larger cohort needs to be done to make an assessment.
CONCLUSION
This study provided information on the epidemiology of malaria in the city of Bouna, among the Fulani, Lobi and Birifor ethnic groups. A low prevalence of malaria was observed in our study in these populations compared to data from the Bouna health district. The results of this study also show a low malaria susceptibility of the Fulani ethnic group. This low susceptibility to malaria compared to the other ethnic groups sharing the same territory with the Fulani was reported in other parts of Africa. Another ethnic group (the Birifor) was also found to have a lower susceptibility to malaria than the Lobi population. This was the first time a low susceptibility to malaria was observed in the Birifor ethnic groups. Further studies should be conducted to confirm these findings. Finally, we observed during this study that mixed infection of Plasmodium falciparum, Plasmodium malariae, and Plasmodium ovale occurs less in Fulani than in Birifor and Lobi. 

CONSENT 
All authors declare that ‘written informed consent was obtained from the patient (or other approved parties) for publication of this case report and accompanying images. A copy of the written consent is available for review by the Editorial office/Chief Editor/Editorial Board members of this journal.


ETHICS APPROVAL
All authors hereby declare that all experiments have been examined and approved by the appropriate ethics committee and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.


[bookmark: _Hlk183685723]
[bookmark: _Hlk193540946][bookmark: _Hlk180402183][bookmark: _Hlk183680988]Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.


REFERENCES
Abdelraheem, M. H., Albsheer, M. M. A., Mohamed, H. S., Amin, M., & Mahdi Abdel Hamid, M. (2016). Transmission of Plasmodium vivax in Duffy-negative individuals in central Sudan. Transactions of the Royal Society of Tropical Medicine and Hygiene, 110(4), 258–260. https://doi.org/10.1093/trstmh/trw014
Abdulraheem, M. A., Ernest, M., Ugwuanyi, I., Abkallo, H. M., Nishikawa, S., Adeleke, M., Orimadegun, A. E., & Culleton, R. (2022). High prevalence of Plasmodium malariae and Plasmodium ovale in co-infections with Plasmodium falciparum in asymptomatic malaria parasite carriers in southwestern Nigeria. International Journal for Parasitology, 52(1), 23–33. https://doi.org/10.1016/j.ijpara.2021.06.003
Adams, M., Joshi, S. N., Mbambo, G., Mu, A. Z., Roemmich, S. M., Shrestha, B., Strauss, K. A., Johnson, N. E., Oo, K. Z., Hlaing, T. M., Han, Z. Y., Han, K. T., Thura, S., Richards, A. K., Huang, F., Nyunt, M. M., & Plowe, C. V. (2015). An ultrasensitive reverse transcription polymerase chain reaction assay to detect asymptomatic low-density Plasmodium falciparum and Plasmodium vivax infections in small volume blood samples. Malaria Journal, 14(1), 520. https://doi.org/10.1186/s12936-015-1038-z
Agence Ivoirienne de Presse. (2017, October 20). Côte d’Ivoire / Distribution effective de moustiquaires imprégnées à Bouna. https://aip.ci/cote-divoire-distribution-effective-de-moustiquaires-impregnees-a-bouna/
Ahoussi, K. E., Youan, T. M., Loko, S., Adja, M. G., & Lasm, T. (2012). Étude hydrogéochimique des eaux des aquifères de fractures du socle Paléo- protérozoïque du Nord-Est de la Côte d’Ivoire: Cas de la région de Bondoukou. 18.
Bassa, F. K., Ouattara, M., Silué, K. D., Adiossan, L. G., Baikoro, N., Koné, S., N’Cho, M., Traoré, M., Bonfoh, B., Utzinger, J., & N’Goran, E. K. (2016). Epidemiology of malaria in the Taabo health and demographic surveillance system, south-central Côte d’Ivoire. Malaria Journal, 15(1), 9. https://doi.org/10.1186/s12936-015-1076-6
Boutillier, J.-L. (1969). La ville de Bouna: De l’époque précoloniale à aujourd’hui. Cah. O.R.S.T.O.M.,sér. Sci. hum, VI(2), 18.
Centre d’information et de communication gouvernementale (CICG). (2022). Lutte contre le paludisme: Le taux de mortalité en baisse d’environ 50%. http://www.gouv.ci/_actualite-article.php?recordID=13061
Direction Départementale de la Santé de Bouna. (2017). DDS BOUNA_DONNESS PALU 2016.
Dolo, A., Modiano, D., Maiga, B., Daou, M., Dolo, G., Guindo, H., Ba, M., Maiga, H., Coulibaly, D., Perlman, H., Blomberg, M. T., Touré, Y. T., Coluzzi, M., & Doumbo, O. (2005). DIFFERENCE IN SUSCEPTIBILITY TO MALARIA BETWEEN TWO SYMPATRIC ETHNIC GROUPS IN MALI. The American Journal of Tropical Medicine and Hygiene, 72(3), 243–248. https://doi.org/10.4269/ajtmh.2005.72.243
Garnham, P. C. C. (1966). Malaria Parasites and other Haemosporidia. Malaria Parasites and Other Haemosporidia. https://www.cabdirect.org/cabdirect/abstract/19672901312
Gunalan, K., Niangaly, A., Thera, M. A., Doumbo, O. K., & Miller, L. H. (2018). Plasmodium vivax infections of Duffy-negative erythrocytes: Historically undetected or a recent adaptation? Trends in Parasitology, 34(5), 420–429. https://doi.org/10.1016/j.pt.2018.02.006
Hauhouot, C. (1982). Problématique de développement dans le pays Lobi (Côte d’Ivoire ). Les Cahiers d’Outre-Mer, 35(140), 307–334. https://doi.org/10.3406/caoum.1982.3035
Hung, D. T., Tran, L., Tam, D. N. H., Elshafei, G., Cuong, N. T. K., Ha, N. X., Khader, S. A. E., Le Quang, L., Shaikhkhalil, H. W., Abdallfatah, A., Aziz, J. M. A., Hirayama, K., & Huy, N. T. (2024). The prevalence of Pfk13 polymorphism in malaria patients treated with artemisinin-based therapy: A systematic review and meta-analysis. Parasitology Research, 123(5), 209. https://doi.org/10.1007/s00436-024-08203-3
Kamau, E., Tolbert, L. S., Kortepeter, L., Pratt, M., Nyakoe, N., Muringo, L., Ogutu, B., Waitumbi, J. N., & Ockenhouse, C. F. (2011). Development of a Highly Sensitive Genus-Specific Quantitative Reverse Transcriptase Real-Time PCR Assay for Detection and Quantitation of Plasmodium by Amplifying RNA and DNA of the 18S rRNA Genes. Journal of Clinical Microbiology, 49(8), 2946–2953. https://doi.org/10.1128/JCM.00276-11
Kidson, C., Lamont, G., Saul, A., & Nurse, G. T. (1981). Ovalocytic erythrocytes from Melanesians are resistant to invasion by malaria parasites in culture. Proceedings of the National Academy of Sciences of the United States of America, 78(9), 5829–5832. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC348877/
Kotepui, M., Kotepui, K. U., De Jesus Milanez, G., & Masangkay, F. R. (2020). Plasmodium spp. mixed infection leading to severe malaria: A systematic review and meta-analysis. Scientific Reports, 10(1), 11068. https://doi.org/10.1038/s41598-020-68082-3
Lee, G.-C., Jeon, E.-S., Le, D. T., Kim, T.-S., Yoo, J.-H., Kim, H. Y., & Chong, C.-K. (2011). Development and Evaluation of a Rapid Diagnostic Test for Plasmodium falciparum, P. vivax, and Mixed-Species Malaria Antigens. The American Journal of Tropical Medicine and Hygiene, 85(6), 989–993. https://doi.org/10.4269/ajtmh.2011.11-0265
Luoni, G., Verra, F., Arcà, B., Sirima, B. S., Troye-Blomberg, M., Coluzzi, M., Kwiatkowski, D., & Modiano, D. (2001). Antimalarial antibody levels and IL4 polymorphism in the Fulani of West Africa. Genes & Immunity, 2(7), 411–414. https://doi.org/10.1038/sj.gene.6363797
Maiga, B., Dolo, A., Touré, O., Dara, V., Tapily, A., Campino, S., Sepulveda, N., Corran, P., Rockett, K., Clark, T. G., Blomberg, M. T., & Doumbo, O. K. (2014). Fc gamma receptor IIa-H131R polymorphism and malaria susceptibility in sympatric ethnic groups, Fulani and Dogon of Mali. Scandinavian Journal of Immunology, 79(1), 43–50. https://doi.org/10.1111/sji.12122
Miller, L. H., Mason, S. J., Clyde, D. F., & McGinniss, M. H. (1976). The resistance factor to Plasmodium vivax in blacks. The Duffy-blood-group genotype, FyFy. The New England Journal of Medicine, 295(6), 302–304. https://doi.org/10.1056/NEJM197608052950602
Modiano, D., Luoni, G., Sirima, B. S., Lanfrancotti, A., Petrarca, V., Cruciani, F., Simporé, J., Ciminelli, B. M., Foglietta, E., Grisanti, P., Bianco, I., Modiano, G., & Coluzzi, M. (2001). The lower susceptibility to Plasmodium falciparum malaria of Fulani of Burkina Faso (west Africa) is associated with low frequencies of classic malaria-resistance genes. Transactions of the Royal Society of Tropical Medicine and Hygiene, 95(2), 149–152. https://doi.org/10.1016/s0035-9203(01)90141-5
Modiano, D., Petrarca, V., Sirima, B. S., Nebié, I., Diallo, D., Esposito, F., & Coluzzi, M. (1996). Different response to Plasmodium falciparum malaria in west African sympatric ethnic groups. Proceedings of the National Academy of Sciences of the United States of America, 93(23), 13206–13211. https://doi.org/10.1073/pnas.93.23.13206
Modiano, G., Morpurgo, G., Terrenato, L., Novelletto, A., Rienzo, A. D., Colombo, B., Purpura, M., Mariani, M., Santachiara-Benerecetti, S., Brega, A., Dixit, K. A., Shrestha, S. L., Lania, A., Wanachiwanawin, W., & Luzzatto, L. (1991). Protection against malaria morbidity: Near-fixation of the α-thalassemia gene in a Nepalese population. American Journal of Human Genetics, 48(2), 390. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1683029/
Molez, J.-F., & Baudon, D. (1984). Distribution géographique des paludismes et leurs incidences en Afrique. Etudes Médicales, 2, 4. https://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_5/b_fdi_12-13/15176.pdf
Nasr, A., Iriemenam, N. C., Giha, H. A., Balogun, H. A., Anders, R. F., Troye-Blomberg, M., ElGhazali, G., & Berzins, K. (2009). FcgammaRIIa (CD32) polymorphism and anti-malarial IgG subclass pattern among Fulani and sympatric ethnic groups living in eastern Sudan. Malaria Journal, 8, 43. https://doi.org/10.1186/1475-2875-8-43
Nghochuzie, N. N., Olwal, C. O., Udoakang, A. J., Amenga-Etego, L. N.-K., & Amambua-Ngwa, A. (2020). Pausing the Fight Against Malaria to Combat the COVID-19 Pandemic in Africa: Is the Future of Malaria Bleak? Frontiers in Microbiology, 11. https://doi.org/10.3389/fmicb.2020.01476
Niangaly, A., Karthigayan Gunalan, Amed Ouattara, Coulibaly, D., Sá, J. M., Adams, M., Travassos, M. A., Ferrero, J., Laurens, M. B., Kone, A. K., Thera, M. A., Plowe, C. V., Miller, L. H., & Doumbo, O. K. (2017). Plasmodium vivax Infections over 3 Years in Duffy Blood Group Negative Malians in Bandiagara, Mali. The American Journal of Tropical Medicine and Hygiene, 97(3), 744–752. https://doi.org/10.4269/ajtmh.17-0254
Njiro, B. J., Mutagonda, R. F., Chamani, A. T., Mwakyandile, T., Sabas, D., & Bwire, G. M. (2022). Molecular surveillance of chloroquine-resistant Plasmodium falciparum in sub-Saharan African countries after withdrawal of chloroquine for treatment of uncomplicated malaria: A systematic review. Journal of Infection and Public Health, 15(5), 550–557. https://doi.org/10.1016/j.jiph.2022.03.015
Nzeyimana, I., Henry, M.-C., Dossou-Yovo, J., Doannio, J. M. C., Diawara, L., & Carnevale, P. (2002). Épidémiologie du paludisme dans le sud-ouest forestier de la Côte d’Ivoire (région de Taï). Bull Soc Pathol Exot, 6.
PNLP CI. (2020). BULLETIN PNLP T1 2020. http://www.pnlpcotedivoire.org/fichiers_uploades/files/BULLETIN%20PNLP%20T1%202020%20B.pdf
Portugal, S., Doumtabe, D., Traore, B., Miller, L. H., Troye-Blomberg, M., Doumbo, O. K., Dolo, A., Pierce, S. K., & Crompton, P. D. (2012). B cell analysis of ethnic groups in Mali with differential susceptibility to malaria. Malaria Journal, 11(1), 162. https://doi.org/10.1186/1475-2875-11-162
Raso, G., Luginbühl, A., Adjoua, C. A., Tian-Bi, N. T., Silué, K. D., Matthys, B., Vounatsou, P., Wang, Y., Dumas, M.-E., Holmes, E., Singer, B. H., Tanner, M., N’Goran, E. K., & Utzinger, J. (2004). Multiple parasite infections and their relationship to self-reported morbidity in a community of rural Côte d’Ivoire. International Journal of Epidemiology, 33(5), 1092–1102. https://doi.org/10.1093/ije/dyh241
Ryan, J. R., Stoute, J. A., Amon, J., Dunton, R. F., Mtalib, R., Koros, J., Owour, B., Luckhart, S., Wirtz, R. A., Barnwell, J. W., & Rosenberg, R. (2006). Evidence for transmission of Plasmodium vivax among a duffy antigen negative population in Western Kenya. The American Journal of Tropical Medicine and Hygiene, 75(4), 575–581.
Snounou, G., & Singh, B. (2002). Nested PCR Analysis of Plasmodium Parasites. In D. L. Doolan (Ed.), Malaria Methods and Protocols: Methods and Protocols (pp. 189–203). Humana Press. https://doi.org/10.1385/1-59259-271-6:189
Snounou, G., Viriyakosol, S., Jarra, W., Thaithong, S., & Brown, K. N. (1993). Identification of the four human malaria parasite species in field samples by the polymerase chain reaction and detection of a high prevalence of mixed infections. Molecular and Biochemical Parasitology, 58(2), 283–292. https://doi.org/10.1016/0166-6851(93)90050-8
World Health Organization. (2023). World malaria report 2023.
Zhu, S. J., Hendry, J. A., Almagro-Garcia, J., Pearson, R. D., Amato, R., Miles, A., Weiss, D. J., Lucas, T. C., Nguyen, M., Gething, P. W., Kwiatkowski, D., & McVean, G. (2019). The origins and relatedness structure of mixed infections vary with local prevalence of P. falciparum malaria. eLife, 8, e40845. https://doi.org/10.7554/eLife.40845
Zubair, A., Muneer, S., Mujahid, A., Naheed, S., Pervaiz, S., & Tabassum, R. (2024). Prevalence Of Malarial Parasites Plasmodium Vivax And Plasmodium Falciparum In Male Population Of Faisalabad, Pakistan. Journal of Survey in Fisheries Sciences, 11(1), 122-126.

Mbala, J. G. M., Mawete, D. T., Makiese, A. N., Kwiraviwe, P. L., Pangu, B. K., Nguimi, E. B., ... & Bambi-Nyanguile, S. M. (2024). Synthesis and pharmacological evaluation of fluoro/chloro-substituted acetyl and benzoyl esters of quinine as antimalarial agents. Results in Chemistry, 7, 101284.

Shahin, T., Jurkovic, J., Dieng, M. M., Manikandan, V., Abdrabou, W., Alamad, B., ... & Idaghdour, Y. (2025). Single-cell transcriptomics reveals inter-ethnic variation in immune response to Falciparum malaria. The American Journal of Human Genetics, 112(3), 709-723.

Anyinkeng, A. B. S., Joseph, M. O., Ameck, M. N., Ophundem, T. A. N., Joseph, E. T., & Njualem, A. F. N.(2024) Prevalence and Outcome of Malaria at the Tombel Health District: A Retrospective Study. Journal of Advances in Medicine and Medical Research, Volume 36, (8),93-99





















10 to 15 years	
LOBI	FULANI	BIRIFOR	0.39	0.36	0.21	5 to 9 years	
LOBI	FULANI	BIRIFOR	0.5	0.52	0.79	0 to 5 years	
LOBI	FULANI	BIRIFOR	0.11	0.11	0	



PLASMODIUM SPECIES REPARTITION IN THE STUDY POPULATION

%	
FAL	MAL	OVA	MAL-OVA	FAL-MAL	FAL-OVA	FAL-OVA-MAL	0.51405622489959835	3.2128514056224897E-2	4.0160642570281121E-3	4.0160642570281121E-3	0.24497991967871485	0.10441767068273092	9.6385542168674704E-2	NBR	
FAL	MAL	OVA	MAL-OVA	FAL-MAL	FAL-OVA	FAL-OVA-MAL	128	8	1	1	61	26	24	

FAL	
BIRIFOR	FULANI	LOBI	0.42857142857142855	0.54819277108433739	0.44927536231884058	MAL	
BIRIFOR	FULANI	LOBI	0	4.8192771084337352E-2	0	OVA	
BIRIFOR	FULANI	LOBI	0	6.024096385542169E-3	0	MAL-OVA	
BIRIFOR	FULANI	LOBI	0	6.024096385542169E-3	0	FAL-MAL	
BIRIFOR	FULANI	LOBI	0.21428571428571427	0.25301204819277107	0.2318840579710145	FAL-OVA	
BIRIFOR	FULANI	LOBI	0.14285714285714285	7.2289156626506021E-2	0.17391304347826086	FAL-OVA-MAL	
BIRIFOR	FULANI	LOBI	0.21428571428571427	6.6265060240963861E-2	0.14492753623188406	



image1.png
Lankara
O

Ghorognora
\Jhorog

T

== State border

2sa0w e

J Yegnodouoe ®Woulidouo
Babinicdouo ®
* Massiou
Tegbe
Garbal Selondouo JfPolicdouo l‘munxnunkrw @ Kokouratio
Djemite ! o
. ‘m Niaregue. o pugramudowo
Tididouo  Tenabo Kourbini
Lekparedouo®
| limbié 1-2
n
Gbadioudauo

o
Porupo Mgt angsdovo

Sghitedonn sypatdouo Jouloundouo

Nematala
o oledouo L

Taovw  zeww
W Sample collection area

@ Chief town of sub-prefecture

® Vilage

A

asew
Yl
) Study area

comunome

=== Asphalt road

—— Unpaved road





image2.png
2
Lessthan 4 years

15

PARA(trz/u)->2000
trpfyl
SYMPTONIATICMALARIA®

Modality (axes F1and F2 :

30,73%)

o2 PARA (trz/p)-<100
s s ("n?',' . Healthy
32 PARA (trz/pl)-601 200... sex-M p/ul
8 .
8
Z oo
= BRIFOR  * . o
@ Sto9ygars * o FUAN 0 15 years...
05 | AsvmPTOMATIC
MALARIA
Bl
PARA (trz/pl)-2012600 *
15
trp/pl
PARA ({12/41)-1003200
trp/ul
2
1 05 0 05 1 15

F1(19,18 %)





