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ABSTRACT 

 

Burundi is in sub-Saharan Africa, the most affected region by malaria in spite of 

efforts to reduce malaria transmission and its vector proliferation. Since the 

biological activity and the distribution of malaria parasites and their vectors are 

influenced by climatic factors, the epidemiology of malaria might be strongly 

correlated with altitude and hence climate. In addition, conversion of aquatic 

ecosystems and wetlands into agricultural land in traditionally non-endemic 

areas would have favoured the proliferation of malaria vectors, leading to 

greater vulnerability of these regions to malaria. Data on the number of malaria 

cases in eco-climatic regions from 2011 to 2020 were analysed to determine 

the evolution of malaria in Burundi and the variation of this evolution in these 

regions. The number of cases increased from 2013 to reach peaks with more 

than 8 million cases in 2016, 2017 and 2019, while a significant decrease was 

observed in 2018 and 2020. However, this change was significant only in 

Central Plateaus and the North-East depression regions. These highly populated 

regions have undergone major changes in land use by converting natural 

marshes into crop fields between 2012 and 2018 as implementation of 

development projects. These regions should therefore be given priority in terms 

of strategies to eradicate malaria. It is crucial to support agricultural 

intensification projects with adequate environmental management and 

monitoring programs, in particular in order to avoid the proliferation of malaria 

vectors and significantly reduce the transmission of malaria parasites, and thus 

overcome this scourge in the long term. 
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INTRODUCTION 

 
Burundi is a country located in Central East Africa with 27,834 km2 of surface area. Despite its relatively limited area, 

the country’s landforms are diverse and make it divided into different eco-climatic regions. Its altitude varies from 774 

m on Lake Tanganyika shoreline to more than 2,200 m at the top of mountains lying on the ridge separating the 

Congo and Nile rivers watersheds [1]. This country is located in sub-Saharan Africa, the most affected region by malaria 

worldwide. Malaria is identified as one of the most critical public health issues in terms of morbidity and mortality. The 

United Nations’ General Assembly declared malaria as a serious public health issue that slows down global 

development, especially in the least developed countries [2]. 

In Burundi, malaria is a major socio-economic burden for households and the country as a result of direct and indirect 

costs related to medical consultations and hospitalization, patients and patients’ attendants travels, labor 

absenteeism, etc. It is also the leading cause of morbidity and mortality with an incidence rate of 81.5‰. In 2017, it 

represented 45.4% of the reasons for general consultations recorded in health facilities with a rate of 50.5% for 

children below 5 years old and caused 50.8% of deaths in hospitals [3]. 

Efforts to reduce malaria transmission and its vectors proliferation as well as to improve access to medical care in 

order to eradicate the disease have been made by various partners. These efforts have contributed to the decrease in 

the incidence of malaria. For example, between 2001 and 2003, the substantial expansion of malaria interventions 

resulted in a 47% reduction in malaria mortality rate worldwide, thus averting an estimated 4.3 million deaths. In spite 

of these efforts, malaria is still endemic in all the six WHO regions, and is particularly severe in the African region 

where it causes around 90% of the deaths [4]. In Burundi, these efforts include increase in the number of health 

facilities, number of tests conducted, number of mosquito nets distributed and changes in treatment guidelines. 

However, the number of malaria cases has steadily increased since 2000 [5].  

Malaria is caused by parasites from Protozoans group of the genus Plasmodium and transmitted by female 

mosquitoes of the genus Anopheles. Up to recently, six species of Anopheles were known in Burundi, of which A. 

gambiae and A. funestus are the most abundant representing more than 90%. Two other species, A. merus and A. 

arabiensis, confused with A. gambiae have been identified by a recent study based on molecular analysis [6]. There are 

four different species of Plasmodium transmitting human malaria, of which P. falciparum and P. vivax are the most 
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widespread and P. falciparum the most dangerous. The biological activity and the distribution of these parasites and 

their vectors are influenced by climatic factors, particularly temperature and precipitation [7,8]. In addition, Gallup and 

Sachs indicate that the location and severity of malaria are mainly determined by climate and ecology. In Burundi, 

landforms include plains regions characterized by a tropical climate, mountains regions with a rather temperate 

climate as well as plateaus with tropical cool climate [9]. Monthly records show that the majority of cases of malaria 

cases are found in plain areas with some relatively high extent in regions of higher altitude [10]. Thus, the epidemiology 

of malaria in Burundi might be strongly correlated with altitude and hence climate.  

Other potential determinants of malaria epidemics in Burundi have been reported, particularly related to land use. For 

example, the extension of rice farming to natural marshes located in high plateaus was reported to have contributed 

to the extension of malaria endemic zone [3]. Indeed, several studies have shown that the modifications of natural 

environments for subsistence agriculture or the application of irrigation create favourable conditions for mosquitoes, 

thus causing an increase in malaria cases [11-17]. It has been indicated that the stagnation of water and secondary 

vegetation development in the newly established rice field ditches lead to the proliferation of mosquitoes [18]. Several 

marshland management projects were implemented countrywide partly by converting natural marshes into rice fields 

following a national strategy for the development of the rice sector [19]. The concerned areas are mainly located in the 

Imbo region in Cibitoke and Bubanza provinces, in the Moso depression region, in the central plateaus and Bugesera 

depression regions. The transformation of the natural aquatic ecosystems and wetlands of these regions into 

agricultural land would have favoured the proliferation of malaria vectors and thus caused more transmission of 

malaria in these regions [15,20,21]. This would have led to greater vulnerability of these regions to malaria than other 

regions especially those eco-climatic regions where malaria was not endemic.  

Therefore, malaria control strategies should take into account the variability of malaria epidemiology according to 

altitude and climate as well as the occurrence of environments favourable to the proliferation of vectors following the 

conversion of natural wetlands and ecosystems in the eco-climatic regions of Burundi. The objective of this study is to 

determine the evolution of malaria in Burundi from 2010 to 2020 and to evaluate the variations of this evolution in 

the different eco-climatic regions of Burundi. The implementation of strategies to fight against this pandemic as well 

as the effects on the prevalence of malaria in the different eco-climatic regions of Burundi over the last decade are 

also analysed. 

MATERIALS AND METHODS 

Study area 

Burundi’s landforms vary greatly over a relatively limited area [22]. The country is divided into five major eco-climatic 

regions (Figure 1): 

 The Imbo region, covering the eastern part of the country, includes the Burundian part of the Rusizi plain and the 

region bordering Lake Tanganyika shoreline; the altitude is between 774 meters and 1100 meters. 

 The Mirwa region which is mainly an escarpment located between the Imbo region and the Congo-Nile ridge with 

an altitude varying between around 1100 m and 2000 m. 
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 The Congo-Nile ridge region where altitude varies between around 1700 m and 2500 m and is located between 

the Mirwa escarpment and the central plateaus. This region lies on the divide that separates the drainage basins 

of the Congo and Nile rivers in the west of Burundi.  

 The Central Plateaus region, mainly covering the centre of the country, is very hilly with an altitude between 1400 

m to 1900 m.  

 The Northeast depressions region which includes the Buragane, Moso and Bugesera depressions, which cover the 

eastern and the north-eastern regions of the country with depressions whose altitude varies between 1,100 m and 

1,400 m. 

On the other hand, malaria endemicity shows variations from one region to another according to climatology and 

altitude. Hence, based on the epidemiological stratification, 3 epidemiological strata have been identified [3]: 

 The hyper-endemic zone below 1,400 m altitude where transmission is intense; 

 The meso to hypo-endemic zone located at altitudes between 1,400 meters and 1,750 meters where transmission 

varies from low to medium transmission with a high epidemic potential and; 

 The non-endemic zone located above 1,750 meters of altitude where sporadic cases are encountered, some of 

which are imported. 

Based on this altitudinal variation and the classification based on malaria endemicity, we have retain four eco-climatic 

regions. In this classification, Imbo and Mirwa regions are merged to form the Imbo-Mirwa region (774 m-1700 m 

high). These regions cover an area that has been identified as hyper-endemic in the west of the non-endemic area 

mainly covering the Congo-Nile ridge. This region has similar altitude range with the Northeast depressions region but 

the latter has much more hilly relief and has more recently undergone significant land use change due to intensive 

agricultural projects, in particular the development of marshes for rice farming. The other eco-regions are kept as 

described above. 

Data source and eco-climatic regions distribution 

Our data were collected from the National Integrated Program for Combating Malaria (PNLIP) of the Ministry of Public 

Health and the Fight against AIDS. The data on malaria cases were annually reported by health districts and cover an 

11-year period from 2010 to 2020. However, there is one health district that was created in 2019, that is 

Bukinanyana, which resulted from the split up of Mabayi district. It also includes 6 health centres that belonged to 

Cibitoke district until 2018. Thus, for the data of 2019 and 2020, we included them in the health districts they belong 

to from 2010 to 2018 for practical purposes. The various health districts have been grouped into eco-climatic regions. 

Some health districts are covered by two regions, they were included in the region that covers their largest part (Figure 

1). 
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Figure 1. Map of Burundi showing health districts and eco-climatic regions. Note: ( ) Health districts; ( ) Imbo; (

) Mirwa; ( ) Congo-Nile Ridge; ( ) Central plateaus; ( ) Northeast depression  

 

 

Hence, the eco-climatic regions and the health districts they include are as follow; 

 The Imbo-Mirwa region from merged Imbo plain and Mirwa escarpment regions: Bubanza, Bugarama, Bujumbura 

center, Bujumbura north, Bujumbura south, Cibitoke, Isale, Kabezi, Mpanda, Nyanza-Lac, Rumonge. 

 The Central Plateaus region: Buhiga, Butezi, Buye, Cankuzo, Gahombo, Gashoho, Gitega, Kibumbu, Kibuye, 

Kiganda, Kiremba, Musema, Mutaho, Muyinga, Ngozi, Nyabikere, Rutana, Ruyigi, Ryansoro. 

 The Congo-Nile ridge region: Bururi, Fota, Kayanza, Mabayi, Matana, Muramvya, Rwibaga. 

 The Northeast depressions region: Busoni, Gihofi, Giteranyi, Kinyinya, Kirundo, Makamba, Mukenke, Murore, 

Vumbi. 

Data analysis 

The data were analysed using SPSS 25.0 software (IBM Corp., Armonk, NY, USA) for anova while Microsoft Excel 2013 

and Sigmaplot 14.0 software (Systat Software, Erkrath, Germany) were used to generate graphs. The ANOVA analysis 
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was based on annual data on malaria cases from the different health districts. The t-test was used to identify 

differences among mean values of annual numbers of malaria cases in eco-climatic regions. The differences were 

considered significant if p-values<0.05. 

RESULTS 

Our results show that the year 2019 has the highest number of malaria cases while 2012 has the lowest number in 

Burundi (Table 1 and Figure 2). There was an increase in the number of malaria cases from the year 2013 while from 

2010 to 2014, the number of malaria cases per year was less than 5 million cases. However, peaks are observed with 

more than 8 million cases in 2016, and 2017, and more than 9 million in 2019. In addition, the results based on the 

boxplot figure showed a greater variability in the annual number of cases in the health districts from 2015. Hence, the 

increase in number of malaria cases observed from 2015 onward in Burundi was sharp for some health districts 

compared to others (Figures 2 and 3). 

Table 1. Summary of data on numbers of Malaria cases in eco-climatic regions. 

  
Years 

Ecoclimatic 

regions 
Statistics 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Congo-Nile 

ridge 

Total 280282 
2127

99 

13430

5 

1734

38 

20789

4 

25683

2 

56541

0 

5487

88 

25895

3 

42590

8 

2504

56 

Average 40040.3 
3039

9.9 

19186

.4 

2477

6.9 

29699

.1 

36690

.3 

80772

.9 

7839

8.3 

36993

.3 
60844 

3577

9.43 

Northeast 

depression 

Total 785698 
9070

71 

87965

3 

1384

887 

14415

04 

17226

73 

22866

84 

2245

354 

17616

05 

30513

21 

1527

545 

Average 87299.8 
1007

85.7 

97739

.2 

1538

76.3 

16016

7.1 

19140

8.1 

25407

6.0 

2494

83.8 

19573

3.9 

33903

5.7 

1697

27.2 

Imbo 

Mirwa 

Total 842041 
7544

20 

52740

8 

6324

11 

64957

1 

66883

3 

95077

9 

1124

607 

91486

8 

12864

64 

9797

81 

Average 84204.1 
7544

2 

52740

.8 

5749

1.91 

59051

.91 
60803 

86434

.45 

1022

37 

83169

.82 

11695

1.3 

8907

1 

Central 

Plateaus 

Total 
231991

0 

1535

081 

11422

08 

2136

855 

25297

79 

28056

30 

50438

23 

4251

752 

22140

10 

46617

11 

2479

073 

Average 
122100.

5 

8079

3.7 

60116

.2 

1124

66.1 

13314

6.3 

14766

4.7 

26546

4.4 

2237

76.4 

11652

6.8 

24535

3.2 

1304

77.5 

  
 Overall 

total 

422793

1 

3409

371 

26835

74 

4327

591 

48287

48 

54539

68 

88466

96 

8170

501 

51494

36 

94254

04 

5236

855 
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Figure 2: Evolution of the number of malaria cases from 2010 to 2020 in Burundi. 

 

Figure 3: Boxplots for comparison of Malaria cases in Burundi from 2010 to 2020. 

 

The evolution of malaria cases over studied period does not show the same trend in the different eco-climatic regions. 

Indeed, there are slight variations for the Imbo-Mirwa and Congo-Nile Ridge regions while the curves for North-East 

Depressions and Central Plateaus regions show great variations. The peaks were observed for years 2016, 2017 and 

2019 but only for the regions of North-East Depressions and Central Plateaus while there has been a significant 

decrease in the number of cases of malaria in 2018 and 2020. Indeed, the ANOVA analysis shows that the difference 

in number of cases between the years is not significant for the Imbo-Mirwa and Congo-Nile Ridge regions, whereas it is 

significant for the Central Plateaus and the Northeast Depressions. Thus, unlike the Central Plateaus and Depression 

regions, the Imbo-Mirwa and Congo-Nile ridge regions did not experience significant change in the number of malaria 

cases (Table 2 and Figure 4). 
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Table 2. ANOVA 1 test results for comparisons of years’ means for Malaria cases in eco-climatic region. 

 

Ecoclimatic 

regions 
Years Sum of squares DOF 

medium 

square 
F p-value 

Imbo-Mirwa 

Between 

groups 
4.410*10^ 10 10 4.1E+08 

1.34 0.219 
In groups 3.524*10^ 11 107 3.3E+09 

Total 3.965*10^ 11 117 -  

Congo-Nile ridge 

Between 

groups 
3.059*10^ 10 10 3.1E+09 

1.25 0.278 
In groups 1.616*10^ 11 66 2.4E+09 

Total 1.922*10^11 76 -  

Central plateaus 

Between 

groups 
8.49*10^11 10 8.5E+10 

23.02 <0.001* 
In groups 7.30*10^11 198 3.7E+09 

Total 1.58*10^12 208 -  

North-east 

depressions 

Between 

groups 
5.29* 10^11 10 5.3E+10 

39.07 <0.001* 
In groups 1.19*10^11 88 1.4E+09 

Total 6.48* 10^11 98 -  

Note: *significant difference at the threshold of p<0.05 

 

Figure 4: Evolution of the number of cases of Malaria from 2010 to 2020 in the eco-climatic regions of Burundi. Note: 

( ) Congo-Nile Ridge; ( ) North-East depressions; ( ) Imbo-Mirwa; ( ) Central plateaus. 

 

DISCUSSION 

The results of this study showed that during the last decade, the number of cases of malaria increased from 2013 to 

reach peaks with more than 8 million cases in 2016 and 2017 and even more than 9 million in 2019 while a 

significant decrease was observed in 2018 and 2020. In March 2017, given the number of cases and deaths from 

malaria in 2016 and the number of people affected in January 2017, the public health authorities had declared 

malaria as an epidemic [5]. 

The numbers of malaria cases in health districts are closer to each other from 2010 to 2014 but there is greater 

variability from 2015. Our results show that only in the Central Plateaus and the North-East depression regions there 

was a significant increase in the number of malaria cases during the studied period. These results are consistent with 
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a report by OCHA which indicated that provinces most affected by the epidemic declared early 2017 belong to these 

two regions where malaria incidence rate was higher than 80%. Most of these provinces are densely populated, and 

recent studies have also mentioned that they found concentration of most of the malaria cases, higher than average 

malaria mortality rates and more cases of malaria in children under 5 years old [23-25]. On the other hand, some parts 

of the country were not affected by the increase in the malaria number of cases and the epidemic declared in 2017, 

namely the Imbo-Mirwa and Congo-Nile ridge regions. There was no significant change in the number of malaria cases 

during the studied period in these regions. 

Although Imbo-Mirwa and Congo-Nile ridge regions had similar trends of the number of malaria cases from 2010 to 

2020, they have different eco-climatic characteristics mainly due to topography and altitude. This similarity could be 

explained by the fact that, on one hand, the Imbo-Mirwa region is experiencing the fastest urbanization and rural areas 

are characterized by rugged terrain where agriculture is less intensive and; on the other hand, the Congo-Nile ridge 

region has the lowest temperatures which do not favour the proliferation of malaria vectors and their larvae. A study 

on the relationship between altitude and the intensity of malaria transmission showed that low temperatures would 

prevent the development of malaria parasites in mosquitoes, especially during the rainy season [26]. In addition, 

Coosemans indicated that the Imbo region is known to be traditionally endemic and favourable to the proliferation of 

malaria vectors [11]. Land management projects for rice growing in this region were introduced in the 1950’s in the 

plain of the Rusizi River with a considerable boom in 1972. Thus, malaria fighting projects have been applied long ago, 

so government structures and the population are more experienced in effective control methods to fight malaria in this 

region. In addition, the inhabitants of this area would be less affected by malaria owing to premunition [27].  

In the central plateaus and the northeast depressions which mainly cover the center, north and east of the country, 

the increase in malaria cases from 2013 is significant and the epidemic declared in 2017 was more severe. These 

results could be explained by favourable temperatures, a high population density and a favourable environment 

resulting from agricultural intensification, the relief of this part of the country being characterized by an altitude 

ranging from about 1200 m to 1850 m with wide flat-bottomed and marshy valleys [22]. A recent study conducted in 

this region of Burundi gives similar results for malaria cases in children under 5 years old. The authors explain these 

results by very high population density and intensification of subsistence agriculture, with people spending more time 

in the fields and thus being exposed to parasite-infested mosquitoes [20].  

The transformation of natural ecosystems, in particular the marshy valleys, into land for agriculture would have 

contributed to the creation and expansion of habitats favourable to the reproduction of malaria vectors as well as to 

the change of the microclimate by the alteration of the temperature which becomes conducive to larval development 

and adult survival [21]. For example, a study has shown that Anopheles do not reproduce in papyrus natural marshes 

whereas they are found in the ditches made by farming work [28]. In addition, entomological studies indicate that at 

least more than a third of the habitats of malaria vector larvae are found in agricultural land [29,30]. The fact that these 

habitats produce more vectors could be explained by the increase in water temperature in the breeding sites, which is 

6.6ºC and 2.4ºC higher in the agro-ecosystems than in forests and natural marshes, respectively [30]. Natural 

ecosystems are less likely to harbour mosquito larvae whereas swampy or irrigated agricultural environments favor 

their proliferation [16,17]. The regions of the Central plateaus and northeast depression have undergone development 

projects to convert natural habitats into rice fields between 2012 and 2018 as part of the implementation of the 

National Strategy for the rice sector. With the aim to increase agricultural production and improve food security in the 
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country in general and in regions of the country with high population densities in particular, 21,300 ha of plains and 

marshes should be converted and rehabilitated during this period [19]. The rice fields created from marshes and 

natural ecosystems would have favoured the development of mosquitoes in these regions [15,21], which would have 

been the cause of the increase in malaria cases in these parts of the country during the last decade.  

Nevertheless, interventions to reduce malaria transmission have been carried out and have resulted in significant 

decrease in the number of malaria cases. This is the case for the campaigns of mass distribution of long-lasting 

insecticide-treated mosquito nets which were carried out in September 2017 and December 2019, prior to the 

observed significant decrease in the number of cases in 2018 and 2020 respectively [31]. 

CONCLUSION 

The results of this study showed that during last decade, the number of cases of malaria increased from 2013 to 

reach peaks in 2016, 2017 and 2019 with significant decrease in 2018 and 2020. However, this trend was not 

consistent in all eco-climatic regions of the country. The Imbo-Mirwa and Congo-Nile ridge regions did not experience a 

significant increase in the number of cases while the Central Plateaus and Northeast depression regions experienced 

significant change. The Imbo-Mirwa region is the most urbanized in the country with some regions with intensive 

agriculture. In this region traditionally endemic to malaria, the premunition and the experience in farming and malaria 

combatting techniques would have resulted in a lower malaria cases change while the high-altitude and mountainous 

Congo-Nile ridge region experience the lowest temperatures which are not favourable for malaria vectors 

development.  

On the other hand, the Central plateaus and the North-East depression regions were most concerned by the increase 

in malaria cases and the epidemic declared in 2017. High population density, intensification and expansion of 

agriculture particularly rice fields in natural ecosystems would explain this increase in the number of malaria cases in 

the last decade. These regions should therefore be given priority in terms of strategies to eradicate malaria. 

Interventions, in particular the mass distribution of mosquito nets impregnated with long-lasting insecticide, have 

made it possible to reduce the number of cases of malaria. However, they should be conducted on a regular basis and 

at reasonable intervals. These interventions should also be specific to each region, taking into account the most 

affected areas and where environmental conditions are favourable for the proliferation of malaria vectors.  

Burundi is a developing country with socio-economic and food security challenges to meet, in particular by improving 

crop production. However, it is crucial to support agricultural intensification projects with adequate environmental 

management and monitoring programs, in particular in order to avoid the proliferation of malaria vectors and 

significantly reduce the transmission of malaria parasites, and thus overcome this scourge in the long term. 

DECLARATIONS 

Acknowledgement 

The authors are very grateful for the financial support from ICIPE (International Center of Insect Physiology and 

Ecology) through the Bioinnovate Africa Programme funded by the Swedish International Development Cooperation 

Agency-SIDA (Grant Contribution ID No 51050076). The authors also thank The National Integrated Program for 



 
   Research & Reviews: Journal of Ecology and Environmental Sciences          e-ISSN: 2347-7830 
               
 

 
 

JEAES| Volume 11 | Issue 3 |August, 2023                                    
 
 

Combating Malaria (PNLIP) from the Ministry of Public Health and the Fight against AIDS for providing data used in this 

study. 

Conflicts of interest/Competing interests 

The authors declare no conflicts of interests/competing interests. 

REFERENCES 

1. Bidou JE, et al. Geographie du Burundi, Edition Hatier. 1991. 

2. World Health Organization and United Nations Children's Fund (WHO-UNICEF). Achieving the malaria MDG target: 

Reversing the incidence of malaria 2000-2015. 2015. 

3. Ministry of Public Health and the Fight Against AIDS (MSPLS), National strategic plan for the fight against malaria 

2018-2023. 2018.  

4. World Health Organization (WHO), Global technical strategy for malaria 2016-2030. 2015. [Google Scholar] 

5. Sinzinkayo D, et al. The lead-up to epidemic transmission: malaria trends and control interventions in Burundi 

2000 to 2019. Malar J. 2021;20: 297-298.  

6. The PMI VectorLink Project, Burundi entomological monitoring annual report october 2019- september 2020. 

2020.  

7. Martens WJ, et al. Potential impact of global climate change on malaria risk. Environ Health Perspect. 1995;103: 

458-464.  

8. Zhao Q, et al. Global climate change and human health: Pathways and possible solutions, Eco-Environ Health. 

2022;1: 53-62.  

9. Gallup JL, et al. The economic burden of malaria. Am J Trop Med Hyg. 2001;64: 85-96.  

10. Delacollette C, et al, Epidemiology of malaria in Burundi. Preliminary observations. Black African Medicine. 1990; 

37: 718-723.  

11. Coosemans MH. Comparison of malarial endemicity in a rice-growing zone and in a cotton-growing zone in the 

Rusizi Plain, Burundi. Ann Soc Belg Med Trop. 1985; 65: 187–200.  

12. Dossou-Yovo J, et al. Rice cultivation and malaria transmission in Bouake city, Côte d'Ivoire, Acta Trop. 1994;57: 

91–94.  

13. Faye O, et al. Malaria in the sahelian zone of Senegal. 1. entomological data concerning transmission. Ann Soc 

Belg Med Trop. 1993;73: 21–30.  

14. Ijumba JN, et al. Malaria transmission risk variations derived from different agricultural practices in an irrigated 

area of northern Tanzania. Med Vet Entomol. 2002;16 28-38,.  

15. Himeidan YE, et al. Malaria in East African highlands during the past 30 years: Impact of environmental changes. 

Frontiers in Physiology, 2012;3: 315.  

16. Hawaria D, et al. Effects of environmental modification on the diversity and positivity of anopheline mosquito 

aquatic habitats at Arjo-Dedessa irrigation development site, Southwest Ethiopia. Infect Dis Poverty. 2020;9: 1-11. 

17. Byrne I, et al. Environmental and spatial risk factors for the larval habitats of Plasmodium knowlesi vectors in 

Sabah, Malaysian Borneo. Sci Rep, 2021;11: 1-11. 

18. Nusura H, et al. Impacts des pratiques rizicoles en vigueur au Burundi sur l’environnement. Bull sci inst nat 

environ conserv nat. 2013;12: 25-36. 

https://www.soumbala.com/catalog/product/view/id/51060
https://www.who.int/publications/i/item/9789241509442
https://www.who.int/publications/i/item/9789241509442
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global+Technical+Strategy+for+Malaria+2016-2030&btnG=
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-021-03830-y
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-021-03830-y
https://idpjournal.biomedcentral.com/articles/10.1186/s40249-019-0620-y
https://idpjournal.biomedcentral.com/articles/10.1186/s40249-019-0620-y
https://www.nature.com/articles/s41598-021-90893-1https:/www.nature.com/articles/s41598-021-90893-1
https://www.nature.com/articles/s41598-021-90893-1https:/www.nature.com/articles/s41598-021-90893-1
https://idl-bnc-idrc.dspacedirect.org/handle/10625/52318#:~:text=L'%C3%A9rosion%20est%20accrue%20apr%C3%A8s,des%20d%C3%A9g%C3%A2ts%20%C3%A0%20l'environnement.


 
   Research & Reviews: Journal of Ecology and Environmental Sciences          e-ISSN: 2347-7830 
               
 

 
 

JEAES| Volume 11 | Issue 3 |August, 2023                                    
 
 

19. Ministry of Agriculture and Livestock (MINAGRIE). National Strategy for the Development of the Rice Sector in 

Burundi. 2014.  

20. Moise I, et al. Seasonal and geographic variation of pediatric malaria in Burundi: 2011 to 2012. I Int J Environ Res 

Public Health. 2016;13: 424-425. 

21. Lindblade KA, et al. Early warning of malaria epidemics in African highlands using Anopheles (Diptera: Culicidae) 

indoor resting density. J Med Entomol. 2000;37: 664–674. 

22. Nzigidahera B, Description du Burundi, Aspects physiques, 2012.  

23. United nations office of coordination of humanitarian affairs (OCHA): Humanitarian bulletin burundi. 2017;2. 

24. Checchi F, et al, Malaria epidemics and interventions, Kenya, Burundi, Southern Sudan, and Ethiopia, 1999–

2004. Emerg Infect Dis. 2006;12: 1477–1485.  

25. Guthmann JP, et al. Death rates from malaria epidemics, Burundi and Ethiopia. Emerg Infect Dis. 2007;13: 140–

143. 

26. Bodker R, et al. Relationship between altitude and intensity of malaria transmission in the Usambara Mountains, 

Tanzania. J Med Entomol. 2003;40: 706–717.  

27. Pérignon JL, et al. Immune mechanisms underlying the premunition against Plasmodium falciparum malaria. Mem 

Inst Oswaldo Cruz. 1994; 89: 51-53.  

28. Goma LKH. The productivity of various mosquito breeding places in the swamps of Uganda. Bull Entomol Res. 

1958;49: 437–448. 

29. Minakawa N, et al. Yan, Relationships between occurrence of Anopheles gambiae (Diptera: Culicidae) and size and 

stability of larval habitats. J Med Entomol. 2005;42: 295–300.  

30. Munga S, et al. Association between land cover and habitat productivity of malaria vectors in western Kenyan 

highlands. Am J Trop Med Hyg. 2006; 74: 69–75.  

31.  The Global Fund, Country-Burundi Impact Report. Report. 2019.  

https://academic.oup.com/jme/article-abstract/40/5/706/864875?redirectedFrom=fulltext&login=false
https://academic.oup.com/jme/article-abstract/40/5/706/864875?redirectedFrom=fulltext&login=false
https://www.scielo.br/j/mioc/a/BKFKWwvT4QjjxGCX45bdHgD/?lang=en
https://www.cambridge.org/core/journals/bulletin-of-entomological-research/article/abs/productivity-of-various-mosquito-breeding-places-in-the-swamps-of-uganda/B92A90AB5701FEF1847F6F0DA1573944
https://academic.oup.com/jme/article/42/3/295/848513
https://academic.oup.com/jme/article/42/3/295/848513
https://www.ajtmh.org/view/journals/tpmd/74/1/article-p69.xml

