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ABSTRACT 
 

Also called the Lower Guineo-Congolian forest, the Congo basin 

contains the world‘s second-largest dense humid tropical forest. It 

extends from the coast of the Atlantic Ocean in the west to the mountains 

of the Albertine Rift in the east and spans the equator by nearly 7 degrees 

north and south. That forest harbors an assemblage of plants that provides 

ecological niches for an equally diverse insect fauna which, together with 
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flowers and fruits, allows for the survival of numerous species of birds, 

amphibians, reptiles, and mammals. It‘s an area teeming with life, a 

region of a global significance biodiversity that includes not only plants 

and animals, but also microorganisms causing infectious diseases of 

humans. Congo basin biodiversity is not uniform across time and space; 

rather, there is significant variation in environments and species 

composition. Areas near the equator have a tropical rainforest, 

characterized by primary forest which refers to untouched, pristine forest 

that exists in its original condition and secondary forest which is a 

rainforest that has been disturbed in some way, naturally or unnaturally. 

Mangrove forests occupy zones of transition between terrestrial and 

marine ecosystems while flooded forest is found along the Congo River 

and its tributaries. North and south of the rainforest are belts of tropical 

savanna and grassland. Each environmental area is a particular biotic 

system containing different plants and animals adapted for life in that 

ecosystem. The Congo basin is also home of more than 75 million of 

people who depend on the forest for their subsistence. Human activities 

(agriculture, logging, road development, oil exploitation and mining, 

poaching or bush meat trade, fishing, etc.) with climate change are 

considerably threatening the Congo basin biodiversity. High 

anthropogenic degree of the Congo basin is not fatal only for the 

environment, but also for humans. The vast wilderness Congo basin is a 

numerous microhabitats of pathogens. There are a lot of species that are 

not originally adapted to human populations, but the permanent intrusion 

of humans in animal‘s habitats offers continued opportunities for the 

evolution of new species forms that may be able to cross species 

boundaries and lead to human infections, generating emerging or 

reemerging diseases. This chapter presents an overview of emerging 

diseases as a challenge for forest preservation program in the Congo 

basin.  

 

 

INTRODUCTION 
 

Rainforest is a dense forest of evergreen trees growing particularly in 

regions of heavy year-round rainfall. There are commonly two types of 

rainforests: tropical rainforest and temperate rainforest (Willis et al., 2004). 

Temperate forests occur in eastern north America, northeastern Asia, and 

western and central Europe, while tropical rainforests occur near the equator 

and are characterized by a 80 to 400 inches of rain every year, and a warm and 

frost-free climate with very little change in temperature during the day.  

Tropical rainforests are the most complex and diverse ecosystems, as they 

sustain the greatest concentration of biological diversity (half of all species of 



Zoonotic Diseases Emergence 67 

animals and plants) on the Earth (Borota, 1991). Nearly half of these forests 

are found in the central and south America, the Amazon basin. Next to that of 

the Amazon, is the Congo basin (basin of the Congo River), lying astride the 

Equator in west-central Africa. It extends from the coast of the Atlantic Ocean 

of the Gulf of Guinea in the west to the mountains of the Albertine Rift in the 

east, and spans across six countries: the Democratic Republic of Congo 

(DRC), most of Congo-Brazzaville, the southeastern reaches of Cameroon, 

southern Central African Republic (CAR), Gabon and Equatorial Guinea 

(Semazzi and Song, 2001; Streck and Scholz, 2006).  

The Congo basin is home to the second largest rainforest in the world, 

teeming with life. The forest harbors the most diverse assemblage of plants 

and animals in Africa. This biological diversity includes not only plants and 

animals, but also microorganisms causing infectious diseases on humans. 

Opportunities for the evolution and survival of infectious microorganisms 

from that area among populations are further enhanced by activities of over 30 

million forest dwelling peoples, who depend on the innumerable 

environmental products and services that the forests provide. The immense 

natural riches of the Congo basin have put that region under serious threats 

that have need the development of protection and conservation strategies by 

local governments, supported by national and international private and public 

organizations. The aim of those forest conservation programs is to protect 

ecosystems and biodiversity while advancing human well-being in the Congo 

basin forest through sustainable forestry management and community-based 

natural resource management. In most of those programs, keys interventions 

are focusing mainly threats assessments, development of sustainable wildlife 

and timber management, promotion of alternative income-generating activities 

and eco-tourism development. Only few interests are given to the surge of 

zoonotic infectious diseases, frequently observed in the region. Yet, it is 

known that pathogens whose current emergence patterns show a direct 

association with forests represent about 15 percent of the approximately 250 

emerging infectious diseases (Despommier et al., 2006). Crowding and the 

mixing of people, domestic animals and wildlife, along with climate change, 

are ideal conditions for pathogen evolution, survival and transmission (Wilcox 

and Ellis, 2006). 

After a brief description of ecological features and mayor threats of the 

Congo basin, we highlight the interest of involving prevention and control of 

emerging infectious disease in key interventions of forest conservation 

programs in that region.  
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THE CONGO BASIN’ BIODIVERSITY 
 

The term ‗‗biodiversity‘‘ was first used in its long version (biological 

diversity) by Lovejoy (1980) and is most commonly used to describe the 

number of species.  

Biological diversity is commonly defined as species, genetic, and 

ecosystem diversity in an area, sometimes including associated abiotic 

components such as landscape features, drainage systems, and climate. 

According to DeLong (1996), biodiversity refers to the variety within and 

among living organisms, assemblages of living organisms, biotic communities, 

and biotic processes, whether naturally occurring or modified by humans. 

While it is quite possible to define what is in principle meant by genetic and 

species diversity, it is difficult to make a quantitative assessment of diversity at 

the ecosystem, habitat, or community level. Nevertheless, it is known the more 

that species are equally abundant, and then the more diverse is that area or 

habitat (Swingland, 2001).  

Although records are very incomplete, the biodiversity inventory of 

Congo basin so far includes some 400 mammal species, 1,000 bird species (of 

which 36 per cent are endemics), 700 species of fish, and over 10,000 plant 

species (of which 3,000 are endemics) (Carpe, 2005). The Congo basin 

represents 70% of the African continent's plant cover (18% of the planet's 

remaining tropical rainforest) and makes up a large portion of Africa's 

biodiversity. Little is known about the exact richness of insect‘s fauna of that 

area.  

Nevertheless, it is assume that among the approximately 5,000 dragonfly 

species, 2,000 praying mantis, 20,000 grasshoppers, 170,000 butterflies and 

moths, 120,000 true flies, 82,000 true bugs, 360,000 beetles and 110,000 bee, 

wasp and ant species described to date, more than 70% are found in tropical 

rainforest (Adis, 1990; Samways, 1994). Because of both the sheer number of 

species found in the region, known as species richness, and the presence of 

number of plant and animal species that exist nowhere else on the planet, the 

biodiversity of the Congo basin is thought to be of a global significance. It is 

featured by a mosaic of rivers, natural vegetation (primary, secondary, 

mangrove and flooded forests…) and anthropic vegetation (plantations…) 

(Lebrun and Gilbert, 1954).  
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Ecological Features of the Congo Basin  
 

Rivers 

The Congo basin has an important hydrographic network covering 

4,014,500 km² and including rivers and lakes. The basin itself stretches for 

more than 1,900 km from north to south (from the Congo – Lake Chad 

watershed to the interior plateaus of Angola) and also measures about 1,900 

km from the Atlantic in the west to the Nile - Congo watershed in the east. 

Should be taken into account first, the flourishing Congo River around 4,320 

km long and its tributaries, the most important of which are Ubangi and Kasaï. 

The vast drainage area of the Congo River includes almost the whole of 

Congo, the Democratic Republic of the Congo, the Central African Republic, 

parts of Cameroon, northern Angola and some countries out from the central 

Africa region as Tanzania and western Zambia (Campbell, 2005). Other 

important hydrographic network is the Ogooue basin (223,856 Km
2
), of which 

73 percent (173,000 Km
2
) lies within Gabon with some tributaries reaching 

into the Republic of the Congo, Cameroon and Equatorial Guinea. It mostly 

consists of undisturbed rainforest, a home to a high biodiversity with some 

savanna grassland where the mid-year dry season is longest (Meyo-Bibang and 

Nzamba, 1992). Another, but less important hydrography network that 

maintain tropical rain forest around the equator is the Sanaga basin (140,000 

km
2
) which covers almost a fourth of the Cameroon. The Sanaga River, 918 

km is the largest river in Cameroon with an average flow of 2072 m
3
/sec. With 

its tributaries, it covers the northwestern part of the wide tropical rainforests 

area (Pelleray, 1984).  

Rivers appears to be the center of the biodiversity observed in the Congo 

basin. 

 

 

Vegetation  
 

Primary Forest  

It‘s the natural vegetation of humid tropics characterized by its biodiversity. 

Primary forest refers to untouched, pristine forest that exists in its original 

condition (Reitsma, 1988). This forest has been relatively unaffected by 

human activities. Primary rainforest is often characterized by the existence of 

different strata, or layers, with vegetation organized into a vertical pattern 

from the top of the soil to the canopy. Each layer is a unique biotic community 
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containing different plants and animals adapted for life in that particular 

stratum.  

 

 The forest floor is the bottom-most layer. It receives only 2% of the 

sunlight and only plants adapted to low light can grow in this region. 

Away from riverbanks, swamps and clearings, where dense 

undergrowth is found, the forest floor is relatively clear of vegetation 

because of the low sunlight penetration. This more open quality 

permits the easy movement of larger animals such as: ungulates 

(Okapia johnstoni), tapir (Tapirus sp.), Sumatran rhinoceros 

(Dicerorhinus sumatrensis), and apes like gorilla (Gorilla gorilla), as 

well as many species of reptiles, amphibians, and insects. It is the 

layer mainly frequented by humans (White, 2001). 

 The understory layer lies between the canopy and the forest floor. The 

understory is home to a number of birds, small mammals, insects, 

reptiles, and predators. The vegetation at this layer generally consists 

of shade-tolerant shrubs, herbs, small trees, and large woody vines 

which climb into the trees to capture sunlight. Only about 5% of 

sunlight breaches the canopy to arrive at the understory causing true 

understory plants to seldom grow to 3 m. As an adaptation to these 

low light levels, understory plants have often evolved much larger 

leaves. Many seedlings that will grow to the canopy level are in the 

understory (White, 2001). 

 The canopy is the primary layer of the forest forming a roof over the 

two remaining layers. It contains the majority of the largest trees, 

typically 30-45 m in height. Tall, broad-leaved evergreen trees are the 

dominant plants. The densest areas of biodiversity are found in the 

forest canopy, as it often supports a rich flora of epiphytes, including 

orchids, bromeliads, mosses and lichens (White, 2001). The fauna is 

similar to that found in the emergent layer, but more diverse. It is 

assumed that the total arthropod species richness of the tropical 

canopy might be as high as 20 million.  

 

Rainforests are dynamic and stratification is not always static. In the 

Congo basin, exists inside the deep forest some particular ecological feature 

called ―bai‖. A ―bai‖ is the pygmy‘s designation of natural glade or clearing 

present in Congo basin rainforest. Its surface varies from one to ten hectares 

and that generally occurs on hydromorpha soils, rich in mineral salts. Due to 

the structure of soil which is different from the one of the true rainforest, 
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vegetation in ―bai‖ is mainly composed of grasses belonging to family group 

rich in mineral salts such as Poaceae and Cyperaceae (Vande Weghe, 2006). 

―Baï‖ is particularly frequented by big mammals (elephant, buffalo, 

Sitatunga…) for its richness in mineral nutrients easily found in muddy soil 

and thus, is often developed for ecotourism purpose. It is also too infested by 

insects since it offers a wide flight plane to Diptera and those which are 

hematophageous can easily found their food (blood) from mammals. The 

sudden occurrence of ―baï‖ within the deep tropical rainforest is still unknown.  

 

Secondary Forest  

It is a primary forest that has been disturbed in some way, naturally or 

unnaturally, from degraded forest recovering from selective logging, to areas 

cleared by slash-and-burn agriculture that have been reclaimed by forest 

(White, 2001). Generally, secondary forest is characterized (depending on its 

level of degradation) by a less developed canopy structure, smaller trees, and 

less diversity. Secondary forests tend to have trees closer spaced than primary 

forests and contain more undergrowth. It arises from forest that has been 

harvested heavily or over a long period of time, forest that is naturally 

regenerating from fire and from abandoned pastures or areas of agriculture. In 

the Congo basin where soil nutrient levels are characteristically low, the soil 

quality may be significantly diminished following the removal of primary 

forest. 

It still unknown how long it takes for secondary forest to attain the 

structure and levels of biodiversity of primary forest. Nevertheless, it is 

assumed that it takes a secondary forest typically forty to 100 years to begin to 

resemble the original old-growth forest; however, in some cases a secondary 

forest will not succeed, due to erosion or soil nutrient loss in certain tropical 

forests (Sunderland et al., 2003). 

Plantation can also be classified as type of secondary forest. Plantation is 

actually a large farm, piece of land or estate that is used for cultivation. In 

these farms and lands, cultivation of different crops is done on a small, middle 

or large scale for domestic consumption or distant markets. These crops 

include maize, peanuts, beans, bananas, etc. for local use and rubber seeds, oil 

seeds, sugar cane, cotton, tobacco, coffee, cocoa, etc. for international market 

(Sunderland et al., 2003). The forests of the Congo basin provide many 

services to the human communities who live there. Around 90% of local 

populations are directly or indirectly dependent on resources from the forest 

and the rivers running through them, which provide food, medicines and 

building materials.  
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Mangrove Forest  

It occupies zones of transition between terrestrial and marine ecosystems. 

Mangroves are trees and shrubs with aerial roots that grow in saline coastal 

habitats in the tropics and subtropics, between latitudes 25° N and 25° S. 

There are many species of trees, about 110 species and shrubs adapted to 

saline conditions. Not all are closely related, and the term "mangrove" may be 

used for all of them, or more narrowly only for the mangrove family of plants, 

the Rhizophoraceae, or even more specifically just for mangrove trees of the 

genus Rhizophora. However, a given mangrove swamp typically features only 

a small number of tree species. That is not to say that mangrove forests lack 

diversity. Though the trees themselves are few in species, the ecosystem that 

these trees create provides a home for a great variety of other organisms 

(Chapman, 1976). Unlike what people previously thought, arthropods form the 

largest number of species in the mangrove forest. Some play critical roles as 

mangrove pollinators, herbivores and predators. Others, particularly insects 

from Diptera group which are haematophageous, settle down in the area 

because of the easiness they have to found their blood meals from animals 

inhabited in the area.  

In the Congo basin, mangals are found along the coastline of Equatorial 

Guinea, Gabon and Cameroon.  

 

Flooded Forests  

That term which also referred to forested wetlands, are wetlands with a 

significant component of woody vegetation, living in temporarily or 

permanently waterlogged or inundated soils (Townsend, 2002). Wetlands are 

areas inundated or saturated by surface or ground water at a frequency and 

duration sufficient to support a prevalence of vegetation adapted for life in 

saturated conditions. They normally occur along the lower reaches of rivers 

and around freshwater lakes. There is no clear boundary between open water 

and wetland on the one hand and wetland and terrestrial communities on the 

other hand (Junk, 1980). Wetlands are seen as diverse mosaics of landforms, 

communities and environments acting as interfaces between terrestrial and 

aquatic systems (White, 1983). Wetlands have a status of specific ecosystems 

because soil water saturation, anaerobic conditions, and flooding, provide 

specific environmental conditions that result in specific biogeochemical 

processes, organisms specific adaptations, and particularities in community 

structure and development (Junk, 1980). 

The only flooded forest ecosystem in central Africa is located in the 

Congo River basin, which is extraordinary on a global scale because it 
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contains some of the largest areas of true swamp forest on the planet. That 

flooded forests cover large areas in the western part of the Democratic 

Republic of Congo and the northeastern part of the Republic of Congo 

(DeGrandi et al., 1998). Other flooded areas are also observed around big 

rivers in Cameroon, Gabon, and Central African Republic. A considerable 

number of endemics - plant and animal species found nowhere else in the 

world - live in this mosaic of wetlands and riparian (river bank) vegetation 

areas. But while swamps may have many endemic species, there are relatively 

fewer compared to rainforests.  

Although some logging has been carried out in the flooded forests, the 

habitat is fairly intact and the forest appears to be regenerating well where it 

had previously been cut down. Little ecological disruption of that ecosystem 

maintain the environment in suitable conditions for the survival of some 

Diptera as tsetse flies which need particular conditions in term of temperature 

and moisture to live.  

 

 

Unexpected Features of the Congo Basin 
 

Dry, parched, and usually devoid of the fast-paced turnover of ecological 

processes in tropical areas, savannas are not a feature one would expect in the 

Congo basin. However, on the fringes of the rainforests, they are an 

increasingly normal pattern.  

Forests at the northern and southern end of the Congo basin rainforest 

block have often been replaced by grassland, which often occurs in a mosaic 

with patches of original and secondary forests. The boundary of forest savanna 

areas is constantly changing, depending on the impacts of fire and the 

interventions of humans. Several kinds of mosaic are found, including:  

 

 Savanna with a few forest blocks 

 Savanna with gallery forest (tree formations alongside river banks) 

 Forest with enclosed savanna 

 

In the southern part of the Congo basin, moist forest gives way to great 

stretches of savanna and grassland. This is a result of the region's large 

climatic fluctuations over the last 10 million years and of human activities, 

especially cultivation and burning (White, 1983).  
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THE GLOBAL IMPORTANCE OF THE CONGO BASIN 
 

The Congo basin is one of the last regions in the world where vast areas of 

interconnected rainforest allow biological processes to continue undisturbed. 

In fact, a forest elephant could, in theory, move from the Albertine Rift to the 

coast of Gabon without leaving the forest. What makes these forests 

particularly interesting is that much of the fauna and flora is found nowhere 

else in the world and this is true not only at the species level but also at the 

genus and even family level (FAO, 1993; 2006).  

Thanks to its diverse ecosystem, rainforests of the Congo basin possess 

assets and benefits of a great importance.  

 

 

Climatic and Atmospheric Stabilization  
 

The Congo basin is a gigantic carbon sink and as such plays a vital role in 

regulating the planet‘s greenhouse gases. It is estimated that it contains 

between 25-30 billion tonnes of carbon in its vegetation – this is equivalent to 

about 4 years of current global anthropogenic emissions of CO2. The forests 

of the Congo basin are very important for carbon storing, because they are a 

primary factor in the absorption of CO2, and for oxygen production, reason 

why they play a very important role in the global carbon cycle and against 

global warming. It is estimated that their deforestation contributes to an 

estimate of 25-33% of global CO2 emissions. The biomass that exists on 

forests and soil contains up to 100 times more carbon than the crops that 

replace them (Achard et al., 2004; Zhang and Justice, 2001).  

 

 

Fundamental Regulators of the Hydric Cycle and of Meso- 

climatic Humidity 
 

Congo basin rainforests have a dominating influence on local weather 

patterns since over 50% of the rain that falls on the central Congo basin comes 

from evaporation and evapotranspiration from the forest itself. The regulatory 

function of the water cycle of tropical rainforests implies a global importance, 

since they are a stabilizing element of water and climate. Temperature and 

humidity are controlled by the vegetation cover, and they contribute 

significantly to the generation of rain (Todd and Washington, 2004).  
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Hydric Regulation in Basins and Lessening of Floods and 

Landslides 
 

The tropical rainforest cover is an important factor in the regulation of 

hydraulic flows from watersheds; their existence makes it possible for the 

water to flow more slowly, and can be more useful for living organisms. 

Likewise, forest vegetation cover plays a vital role for flood mitigation, which 

is very important in recent years, when this phenomenon has become more 

intense, as a consequence of global climate change (Snyder et al., 2004; Streck 

and Scholz, 2006).  

 

 

Soil Protection and Sedimentation Control 
 

The tropical rainforests soil protector role are fundamental, in view that 

they reduce and control the erosion processes in zones of heavy rain and 

sedimentation of watersheds, and, particularly, increase the useful life of 

hydroelectric and other type of dams (White, 1983).  

 

 

Source of Forest and Wildlife Products 
 

The Congo basin rainforests are house of an abundant and diverse wildlife 

and a great number of species of wood with valuable and medicinal properties 

(White, 1983).  

 

 

Tourism and Aesthetic Value 
 

Tropical rainforests are one of the greatest natural beauties that can be 

used for ecotourism purpose. That asset is promoted by forest conservation 

programs (White, 1983).  

In the Congo basin, the greatest human populations are found along the 

forest edges, particularly where forests meet savanna. People also tend to 

concentrate along the larger navigable rivers, which have traditionally served 

as critical trade and transportation corridors supplying food and moving goods 

for local populations. As populations rise, pressure on forests continues to 

increase. Population growth, immigration, and the need to enhance livelihoods 
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for the people of the Congo basin have put pressure on natural resources, with 

a general trend of higher extraction of forest resources. 

 

 

MAYOR THREATS OF THE CONGO BASIN 
 

The Congo basin is home to more than 100 ethnics groups (about 40 

millions) who depend to the forest for their lives. They possess an incredible 

knowledge of the forest, its animals and its medicinal plants and cannot 

imagine their well-being without innumerable environmental products and 

services that the forests provide. Due to economic development opportunities 

presents in the Congo basin, forests are now facing to various threats.  

 

 

Bush Meat and Wildlife Hunting and Trade 
 

The term ―Bushmeat‖ is synonymous with Africa. The bushmeat trade 

refers to the sale of any wild species of animals, though Western sources tend 

to focus on the trade specifically involving great apes (Bowen-Jones and 

Pendry, 1999). Hunting for wild meat is a world-wide phenomenon, occurring 

throughout the tropical forest areas of Africa, Asia and Latin America (Bakarr 

et al., 2001; Barnes, 2002; Post, 2005), but it is in west and central Africa 

where hunting, consumption, and productivity of wild meat is greatest (Fa and 

Peres, 2001; Fa et al., 2002; Robinson and Bennett, 2000a).  

Humans have been hunting wild animals for meat in the forests of the 

Congo basin for millennia. The scale of bushmeat hunting here is staggering: 

an estimated 1-5 million tonnes of bushmeat are consumed in the Congo basin 

each year (Fa et al., 2002; Wilkie and Carpenter, 1999). The current ‗bushmeat 

crisis‘ in the region arises from the fact that this hunting is now widely thought 

to be unsustainable in many areas and for many species. There are three main 

reasons for the increase in bushmeat hunting: 

 

1) increasing consumer demand, from growing human populations and a 

lack of alternative sources of protein; 

2) greater efficiency of hunting, due to easier access to wildlife source 

areas and more efficient gear types; 

3) increasing hunter supply, resulting from rural poverty and a lack of 

alternative rural livelihoods reducing hunters‘ opportunity costs. 
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Hunters hunt for a variety of reasons. In many areas hunting is a cultural 

tradition, sometimes with an element of prestige (Sabater-Pi and Groves, 

1972) or ceremony (Mitchell and Tilson, 1986) associated, particularly for 

larger or more dangerous animals. Most importantly and recently, hunters hunt 

for food and for cash, the latter increasingly so with the growth of the 

commercial bushmeat trade and increasing rural poverty. It is the relative 

importance of these two incentives that are of most relevance to conservation 

and development policy.  

In fact, bushmeat hunting systems are complex and dynamic, controlled 

and influenced by many different factors. These can be broken down into two 

types: ‗intrinsic‘ factors, which are internal to the system and affect each other 

through positive or negative feedback, and ‗extrinsic‘ factors, which are 

external influences that operate independently on the system. Intrinsic factors 

relate to consumer demand (including prices, availability, consumption and 

preference), livelihood issues (why and how people use or depend on 

bushmeat), hunter behavior (including quantities and returns to hunting effort 

over time and space) and biological capacity (including sustainability of 

harvests over time and space, given changes in demand and effort). Extrinsic 

factors include demographic changes (such as population growth and changes 

in urbanization), extra-sectoral industries (such as logging, or mining), 

international policy, political systems and the capacity and will of national 

governments for monitoring, management and control (Kümpel, 2006). An 

understanding of all these factors, essentially the ‗causes‘ and ‗effects‘ of 

hunting, and how they may change over time and space, is necessary if useful 

predictions about the sustainability of bushmeat hunting are to be made. 

 

Biological Impacts  

Overhunting of species can lead to both local and global extinctions 

(Robinson and Redford, 1991). Exploitation of wildlife for food in the Congo 

basin has caused serious population declines (Bakarr et al., 2001; Robinson 

and Bennett, 2000b), local species extinctions (Brashares et al., 2001) and 

possibly species extinctions (McGraw and Oates, 2002; Oates et al., 2000). It 

is assumed that in west and central Africa, 84 mammalian taxa are threatened 

with extinction due to hunting (IUCN, 2004). Bushmeat consumption in the 

Congo basin alone is estimated at 1 to 5 million tonnes per year (Fa et al., 

2002; Wilkie and Carpenter, 1999). Given the productivity of tropical forests, 

this may be up to six times the sustainable rate (Bennett, 2002). Fa et al. 

(2003) make the alarming prediction that given current supplies of bushmeat 

and alternatives, within 50 years only three countries in central Africa will be 
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able to maintain a protein supply above the recommended daily minimum of 

52g/person/day. The ivory trade has already led to virtual extinction of 

elephants in many areas. Recent studies indicate that even in the most highly 

protected circumstances of national parks, elephants are on the decline 

(Convention on International Trade in Endangered Species of Wild Fauna and 

Flora (CITES), unpublished report, 2004). Even though the accuracy of these 

calculations has been brought into question, it seems clear that vast and 

probably unsustainable quantities of bushmeat are indeed being hunted and 

consumed in the region.  

 

Direct and Indirect Behavioral and Ecological Effects 

Optimal foraging theory predicts that adults will be selected over juveniles 

and males over females where they are larger (Fitzgibbon, 1998). The 

consequent distortion in age or sex ratios can adversely affect the population 

dynamics of a species. In the Central African Republic, Noss (2000) observed 

a greater proportion of female and juvenile duikers snared than found in wild 

populations. That observation suggests that snaring in this site may be biased 

towards more productive components of the population, possibly posing a 

more serious threat to population viability. To compensate for this, there is 

some evidence that hunting lowers the average age of reproduction (Hart, 

2000). 

Hunting often causes behavioral changes in prey, such as freezing, 

avoidance, fleeing, and non-calling, increased nocturnally or altered 

movement patterns (Fitzgibbon, 1998). Muchaal and Ngandjui (1999) reported 

that at high hunting intensity, some duikers adapt their behavior by becoming 

nocturnal, or are found singly rather than in pairs, and apes emigrate from the 

areas surrounding villages. Hunting can also have ecosystem-wide effects. The 

result of removing a ‗keystone engineer‘ (Begon et al., 1996) such as the 

elephant can change the whole structure of the forest and prevents the 

formation of open areas such as ―bai‖ (swampy forest clearings).  

 

 

Agriculture 
 

Agriculture is the greatest proximate cause of deforestation in tropical 

Africa (Benhin, 2006). Forests are converted to agricultural land for many 

reasons. Subsistence farmers clear and burn forests as the most affordable and 

most effective way of increasing soil fertility. Commercial farmers replace 

forests with cash crops because it is highly profitable. The consequence is that 
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millions of hectares of tropical forests are cleared in the Congo basin every 

year. Plantations of cocoa, coffee, sugarcane, tea and tobacco have replaced 

forests in wide areas. Due to the delicate nature of rainforest soil and the 

destructive nature of present day agricultural practices, the productivity of 

cash crops grown on rainforest soils declines rapidly after a few years. 

Monoculture plantations - those that produce only one species of tree or one 

type of food - on rainforest soil are examples of non-sustainable agriculture. 

They are referred to as cash crops because the main reason for their planting is 

to make money quickly, with little concern about the environmental damage 

that they are causing. Modern machinery, fertilizers and pesticides are used to 

maximize profits. The land is farmed intensively, but the closest cause of 

deforestation in the Congo basin remains subsidence agriculture (Adu et al., 

2012). In the Congo basin, farmers practice slash and burn as the most 

affordable and most effective means of cultivating crops in the harsh 

environment of the forest. They have developed slash and burn over millennia, 

but with populations rapidly growing, the impact on forests is growing more 

severe. According to the FAO (2010), net change in forest area declined from 

less than 8.3 million hectares per annum in the period [1990-2000] to less than 

5.2 million hectares per annum between 2000 and 2010. Rates of deforestation 

are higher in Africa with an estimated annual rate of less than 0.52% per 

annum. Certain areas in D. R. Congo, Cameroon, and Equatorial Guinea, are 

currently under severe localized pressure. These areas include biodiversity 

hotspots, such as coastal forests and the Albertine Rift and Rift Frontier of 

eastern DRC that have high human population densities.  

Agricultural activities often increase wood fuel harvest which can be 

considered as another cause of deforestation. In fact, in the dry season, many 

subsistence farmers make charcoal which is an important source of energy.  

 

 

Logging 
 

Logging is one of the most prominent and best-known forms of rainforest 

degradation and destruction (Achard et al., 2002). Typical logging operations 

are quite damaging to the rainforest ecosystem. Problems stem from the nature 

of limited-term timber concessions, which encourage short-term resource 

depletion, and poor forest planning and management.  

Selective logging, as usually practiced, degrades forest because the felling 

of a single large tree can bring down dozens of surrounding trees which are 

linked to the target tree by vines and lianas. The thinning of the protective 
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canopy exposes the forest to increased sunlight and drying winds that can kill 

symbiotic soil organisms essential for decomposition and nutrient-fixing, 

while drying leaf litter and increasing the forest's vulnerability to fire (Baidya 

Roy and Walsh, 2005). Furthermore, the use of tractors for removing trees 

tears up the soil and increases erosion. Indeed, logging roads aside, selective 

logging itself (where only one or two valuable tree species are harvested from 

an area) can take a heavy toll on primary tropical forests. Selective logging has 

been found to reduce global biodiversity by destroying habitat for primary 

forest species. Such logging is also generally not socially equitable, in terms of 

benefits accrued to local communities or national governments. An added 

impact of commercial logging is that it opens up the forests for hunting and 

agriculture, tends to bring in large populations of workers and job seekers that 

place demands on the local resource base, and facilitates unsustainable bush 

meat trade by providing access and markets. 

There is growing evidence that deforestation in tropical areas impacts on 

weather systems both regionally and globally. The tropics are thought to have 

a major influence on global weather systems because of their important role in 

the exchange of water and energy with the atmosphere and on atmospheric 

circulation patterns. Therefore, the impact of deforestation particularly in the 

Congo basin is thought to be especially strong (Avissar and Werth, 2005). In 

fact, it is thought that deforestation would have a particularly strong effect on 

local rainfall in that tropical area. This is because a large part of the rainfall in 

this region comes from the recycling of moisture by the forest, whereas in 

other monsoon regions most rainfall comes from water vapor accumulated 

from the oceans (Cadet and Nnoli, 1987; Monteny, 1987). One report 

estimates that as much as 75-95% of rainfall is recycled within the Congo 

basin, while in Amazonia, this figure was put at 50% (Job, 1994).  

The Congo Basin is the third largest region of deep convection. As such, it 

is not only responsible for the majority of rainfall in tropical Africa (Mahé et 

al., 2005), but is also a major driving force of large-scale atmospheric 

circulation (Chase et al., 2000). Therefore, deforestation in this region could 

disturb global circulation patterns through changing the distribution and 

intensity of the convection system (Feddema et al., 2005). 

 

 

Mining, Oil and Gas 
 

Gold, copper, diamonds, and other precious metals are important 

resources that are found in rainforests of the Congo basin. Digging for 
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diamonds and panning for gold is quite common in that area; associated to 

mining for coltan (a mineral vital to the manufacturing of cellular phones and 

other electronic devices), often resulting in environmental degradation. The 

direct impact is mostly localized, but indirect impacts such as sedimentation, 

pollution, and poaching can be quite widespread. Extracting natural resources 

is frequently a destructive activity that damages the rainforest ecosystem and 

causes problems for people living nearby and downstream from mining 

operations, especially from toxic runoff into river systems (Perman et al., 

2003). 

Oil and gas development in rainforest areas causes displacement of local 

people, air and water pollution . The economies of some countries of the 

Congo basin (Equatorial Guinea, Gabon, Congo and the Democratic Republic 

of Congo) are closely linked to oil. Besides the real risk of major spills, 

general pollution remains an issue. Improper drilling sites and pipelines, 

seriously threaten the region of oil extraction. 

 

 

INDIRECT THREATS 
 

Climate Change 
 

Global climate change is expected to have wide-ranging effects for 

tropical rainforests. Changes in weather patterns, rainfall distribution, and 

temperature will result in the transformation of rainforest into drier forest in 

some areas and the conversion of other forms of forests into tropical forest. 

Should sea levels raise large tracts of coastal lowland rainforest and enormous 

areas of mangrove forest will be affected. Additionally, though tropical forests 

and their species have lived through significant climate changes in the past, 

they have less resilience to climate change in the future due to fragmentation 

and degradation from human activities. In response to global climate change, 

ecological communities will need to migrate, an effort that will be more 

difficult because of habitat alteration and fragmentation (Achard et al., 2002; 

2004). 

 

 

Urbanization 
 

Urban and residential area expansion cause significant forest loss, both in 

the consumption of building materials and as a source of land. The lack of 
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ecological criteria in the design and construction of infrastructure brings 

destructive consequences, both by the direct detriment of occupation of space, 

as well as by the socio-economic and demographic processes resulting from 

land use. 

While urbanization can reduce direct pressures on forests by the migration 

of rural residents to population centers, urban and suburban sprawl can be 

damaging when they occur in frontier settlements and boomtowns. For 

instance, a single gold or gem find can quickly swell a population of a remote 

forest outpost as a sea of prospectors rush to the area in hopes of finding 

riches.  

Because of the overexploitation of natural resources, habitat destruction, 

existence of many species in process of disappearance and pollution that 

threaten ecosystems in the Congo basin, exacerbated by global climate change, 

strategies for protection and conservation of biodiversity were developed in all 

countries of the Congo basin in order to minimize or mitigate any further 

degradation or conversion of natural habitats.  

 

 

THE CONGO BASIN BIODIVERSITY CONSERVATION 
 

Notwithstanding its enormous importance, the Congo basin tropical 

rainforests are being destroyed at a considerable pace in all countries. About 

75 percent of the poorest people in this region live in rural areas, where most 

depend on agriculture and related activities to survive. Habitat destruction, 

overexploitation of natural resources, invasive species and pollution all 

directly threaten the ecosystems on which these populations depend. Indirect 

factors, including demographics, global economic trends, governance, legal 

frameworks, science and technology, and cultural and religious values also 

play a role in natural resource degradation. Furthermore, all existing threats 

and pressures are exacerbated by global climate change, which is expected to 

impact biodiversity, species dominance, and ecosystem functioning.  

Yet, conserving the unique and rich biodiversity of central Africa 

appeared to be vital not just for the lives and futures of the people of this 

region but also for the global environment and the global community. At the 

global level, current rates of extinction have never been so high: experts warn 

that we are facing a period of extinction not seen since the dinosaurs 

disappeared 65 million years ago. In order to guarantee a larger protected 

surface, there was the need to strengthen the efforts for creating natural 

protected areas.  
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While species diversity is high in the Congo basin forests, densities of 

species are relatively low and for this reason most of the protected areas, 

except the very largest and best protected, are probably not large enough to 

ensure the long term conservation of the full range of species and biological 

processes. This has led to a shift in conservation strategies in recent years with 

an increasing emphasis on a landscape approach to conservation.  

The idea here is to enhance the ecological integrity of protected areas and 

their surroundings by addressing conservation management issues in the 

multiple-use zones that link them. The strategy is to manage the impact of 

human activities, through for example sustainable forestry management and 

community-based natural resource management, in such a way that gene flows 

and ecosystem processes are maintained across the landscape, so that protected 

areas are prevented from becoming isolated, and often unsustainable, islands 

of biological diversity (www. cifor.org). 

Governments of all the countries of the region, international organizations, 

non-governmental organizations (NGO) and research groups have thus been 

working in the Congo basin for many decades on landscape conservation 

approaches that recognize the rights and needs of indigenous peoples and local 

communities. These approaches integrate protected area management, species 

conservation, sustainable forest management, and development of local 

livelihood needs. According to conservation organizations, conservation of the 

global environmental values of the forests is good for alleviating the poverty 

of local people. By working at a landscape scale, they can provide a package 

of interventions that will optimize both conservation and development 

outcomes (www.cbfp.org). 

In 2000, a workshop in Libreville involving more than 150 national and 

international specialists concluded that not everywhere in central Africa could 

be, or should be, a priority target for conservation. Poaching, urbanization, 

natural habitat loss, and degradation had left large areas with dysfunctional 

natural systems, bereft of wildlife and with low biodiversity. Based on goals of 

representation, population viability, sustainability of ecological processes, and 

ecosystem integrity and resilience, a suite of large tracts of relatively intact 

wilderness and other areas of unique ecological importance were identified.  

These areas in the six countries, covering about 685,500 km
2
, or about 36 

percent of the Congo basin forest, capture, according to expert opinion, the 

majority of essential terrestrial and aquatic biodiversity and ecosystem 

functions of the Congo basin and also provide a framework for management 

planning and implementation (World Wide Fund for Nature).  
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Although the overall performance of the landscape in meeting diverse 

human needs is demonstrated by some significant impacts on both 

conservation and development, activities of conservation organizations did 

little to improve local livelihoods, and by restricting access to forest resources 

(Endamana et al., 2010). In fact, sustainable forest management has created 

jobs and local income and has also maintained populations of the globally 

valuable wildlife species but tends to be associated with government 

corruption. Conservation alone will probably, not deliver the livelihood 

benefits that are often claimed by conservation organizations (Sayer and 

Campbel, 2001). 

Given the aesthetic value of rainforest of the Congo basin, ecotourism has 

been advocated as the best alternative to maximize both the conservation and 

development benefits, and to minimize the impact costs (Robinson, 2003), for 

various reasons:  

 

 ecotourism can provide local people with economic assistance by 

offering employment opportunities as wildlife guides, park rangers, 

and service workers in hotels, restaurants, and lodges; 

 with eco-tourism, income is earned from preserving the ecosystem, 

and forest clearing is discouraged because it is detrimental to income; 

 ecotourism can reduce the need for poaching and hunting of forest 

animals for income; 

 it can also boost demand for local handicrafts and protects the area 

from over-exploitive activities when properly managed. 

 

The creation of national parks has undoubtedly helped to protect 

rainforests in some countries (e.g., Gabon, D. R. Congo, etc.). Often, national 

parks are advertised to tourists before adequate management plans have been 

developed and implemented. Yet, as national parks are open to the public, 

tourism can contribute to resource depletion such as harvesting hardwoods for 

tourist handicrafts, intensification of poaching for traffic (e.g., elephant trunk), 

etc.  

Moreover, there is a concern that opening up progressively isolated 

regions in the forest for ecotourism will result in an increase prevalence of 

zoonotic disease among not only local populations, but also all those (from 

various origin) who will frequent the area.  
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EMERGING INFECTIOUS DISEASES  
 

Definitions 
 

An emerging disease is generally defined as ―any of a group of diseases, 

of various causes, that have newly appeared or are rapidly expanding their 

range in the human species.‖ These can include viruses, bacteria, fungi, or 

other organisms that are completely new to scientists. They can also include 

organisms that were known, but typically not thought to infect humans or 

organisms that have in the past been fairly benign, and suddenly become a 

problem to human health due to the acquisition of virulence factors or 

antibiotic resistance genes (www.cdc.gov). 

 

What, Then, is a Zoonotic Disease?  

Zoonoses are defined as infectious diseases that can be transmitted 

naturally between humans and wild or domestic animals. These diseases are 

particularly important in the context of emerging infectious diseases of 

humans as the majority of these are of zoonotic origin. Among the 1,415 

species of infectious organisms known to be pathogenic to humans, 868 (61%) 

are classified as zoonotic and 175 pathogenic species are considered to be 

associated with emerging diseases (Cleaveland et al. 2001). Of this group of 

175 emerging pathogens, 132 (75%) are zoonotics.  

The definition of zoonoses actually fits a wide array of epidemiological 

situations. Some pathogens are largely confined to animal reservoirs – human 

cases are infrequent or represent dead-end infections (e.g., anthrax, rabies, 

West Nile and Nipah/Hendra viruses), whereas others are well-established in 

both animals and humans (e.g., bovine tuberculosis, salmonellosis). Others 

present an intermediate situation with animals as the main hosts, but with 

occasional outbreaks occurring in humans, or with a transmission chain 

leading to eventual extinction (e.g., monkeypox, Hanta, Lassa and Ebola 

viruses). There are also some zoonotic agents that gradually adapted to human-

to-human transmission and are now readily transmissible between humans 

(human tuberculosis). Finally, there are pathogens of animal origin that 

suddenly appear in human populations (human immunodeficiency virus [HIV], 

influenza type A and, probably, severe acute respiratory syndrome [SARS]) 

(Slingenbergh et al., 2004). The more classical zoonotic diseases may still be 

classified as emerging diseases, but only if an emerging zoonosis is defined as 

a zoonosis that is newly recognized or newly evolved, or has occurred 

previously, but shows increases in incidence or expansion in a geographic, 
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host or vector range. Some of these diseases may further evolve and become 

effectively and essentially transmissible from human to human (Daszak et al., 

2001; WHO, 2004). An emerging zoonosis may thus be an existing infection 

or disease which appears again or invades new territories. Many diseases, 

zoonotic or otherwise, which had once been controlled in many parts of the 

world, have started to re-emerge in the central Africa region: cholera, 

tuberculosis, yellow fever and human African trypanosomosis or sleeping 

sickness. 

 

 

Factors Affecting the Emergence of Zoonotic Diseases 
 

Changes in pathogen and/or host ecology are primarily responsible for the 

majority of emerging diseases and that those resulting from evolutionary 

changes alone are comparatively rare (Schrag and Wiener, 1995). Ecological 

changes means changes in agricultural practices, urbanization, globalization, 

colonization of news areas and climate change. The latter is a factor of 

growing concern as it may affect the areas where primary agricultural 

production takes place, alter vector distribution and abundance, change the 

migration patterns of birds and other wildlife, and affect the survival time of 

pathogens outside the host (Schrag and Wiener, 1995; Morse, 1995). A 

common feature of all these processes is that they are largely a consequence of 

human activity.  

The reason that most emerging diseases are reported to be related to 

ecological changes rather than evolution may also be a matter of time-scale: 

environmental change may have been the main factor influencing disease 

emergence over the last few decades because such changes have been fast, 

whilst evolution has played a major role in the emergence of diseases over the 

longer term (Diamond, 2002). This does not, however, prevent evolution from 

playing a role in the short-term adaptations of pathogens to human hosts 

(Dobson and Foufopoulos, 2001; Galvani, 2003). Emerging diseases may only 

be view as an evolutionary response to (anthropogenic) environmental change. 

For some authors, disease emergence is the result of two sequential 

processes: 

 

1) the adaptation of a pathogen to a new host: pathogen strains entering a 

new host population may initially have an overall reproductive 

number of less than one (R0 < 1) that leads to the extinction of the 

pathogens, but prior to extinction, some may evolve and increase their 
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virulence to give R0> 1, allowing them to persist and spread into a 

new host population (Antia et al. 2003); 

2) the spread of the pathogen into the new population. 

 

There are different questions relate to each of these processes. How did a 

pathogen enter a human population? What are the characteristics of potentially 

invasive pathogens? These questions relate to the adaptation of a pathogen to a 

new host, and can be addressed by comparisons between emerging diseases 

and invasive plant and animal species.  

Invasive alien species are defined as species introduced outside their 

natural, past or present distribution (UN-CBD, 2003). Generally introduced by 

human activities, these species have adverse effects on indigenous fauna and 

are now considered to be the second most important cause of the global 

biodiversity crisis (Vitousek et al., 1997). They are also recognized as a clear 

threat to ecosystems, habitats or species, with severe economic and 

environmental consequences (UN-CBD, 2003).  

In biological invasion ecology, it has long been recognized that successful 

invaders are generally those species able to maximize fitness in changing 

environments, known as r-strategists (organisms can be classified according to 

their strategies to maximize their fitness: in a predictable environment, it pays 

to invest resources in long-term development and long life [K-selection] 

whereas in a risky environment, it is better to produce as many offspring as 

quickly as possible [r-selection]). Such organisms are generally characterized 

by a short generation time and high numbers of offspring and usually have 

efficient ways of dispersing to new habitats (Heylighen, 2000), e.g., weeds (as 

opposed to trees), or generalist herbivores (as opposed to specific herbivores). 

Although not expressed in such terms, emerging disease pathogens are 

acknowledged to follow approximately the same pattern (Cleaveland et al., 

2001). Most successful emerging pathogens are ribonucleic acid (RNA) 

viruses (r-strategists, that are small, with a short generation time, and for 

which minor changes in the genome may change host-specificity), whereas 

helminths are considered to be unlikely candidates to jump host-species 

barriers (K-strategists, with longer generation times, and higher host-

specificity). Likewise, endemic diseases are generally linked to a static 

environment whilst epidemic agents are more usually associated with 

changing ones. Following introduction and initial ‗colonization‘, the spread of 

disease within the new host population will determine the success of an 

emerging pathogen in the newly invaded host. 



Tongue L. Kohagne, Kamkumo R. Gounoue, Hendji G. C. Fako et al. 88 

Factors facilitating the spread into new populations are not specific to 

emerging diseases and apply equally to any epidemic disease. The spread 

mainly depends on the overall reproductive number being higher than one, 

which is subject to change as a consequence of both a better adaptation to the 

host and changes in the spatial structure of the host population (e.g., changes 

in the geography of human population may have contributed to drive the R0 

above one in the emergence of HIV/AIDS in Africa) (Keeling, 1999; May et 

al., 2001). 

 

The factors known as contributing to the emergence of livestock diseases 

and associated zoonotic infections may be assigned to four main 

epidemiological risk categories: 

 production intensification (which determines production structure and 

the local biosecurity level); 

 the host metapopulation, that means the static environment in which 

disease spread is taking place; 

 the transmission pathways other than those within the animal host 

populations, comprising the entire food chain (from feed, to live 

animals, processing, marketing/distribution, food preparation and 

consumption); 

 the innate ecological characteristics of the pathogen (virulence, host-

range, infective period, vector distribution, reproductive strategy). 

 

Zoonotic infections originating from wild animal reservoirs are generally 

associated with anthropogenic forces involving high contact rates with the 

wild animal host (e.g., rodents can be host to several zoonotic diseases) or 

biological invasions by vectors (e.g., West Nile virus, Lyme disease) or by the 

pathogen itself (e.g., anthrax spores). Many zoonotic diseases and human 

pathogens result from our intimate contacts with animals (wild or domestic), a 

process that has continued since the early days of domestication. 

 

Wildlife as Source of Zoonotic Infections 

Wildlife is normally defined as free-roaming animals (mammals, birds, 

fish, reptiles, and amphibians). The ecologic changes influencing the 

epidemiology of zoonoses with a wildlife reservoir can be of natural or 

anthropogenic origin. These include, but are not limited to, human population 

expansion and encroachment, deforestation and other habitat changes. The 

movement of pathogens, vectors, and animal hosts is another factor 

influencing the epidemiology of zoonoses with a wildlife reservoir. Such 
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movement can, for example, occur through human travel (for various reasons) 

and trade, by natural movement of wild animals including migratory birds, and 

by anthropogenic movement of animals. For instance, infectious agents 

harbored within insects, animals, or humans can travel halfway around the 

globe in less than 24 hours in airplanes. Thus, infectious agents can be 

transported to the farthest land in less time than it takes most diseases to 

incubate. The appearance of West Nile virus infection in New York in 1999, 

and the subsequent spread within the United States, is an example of 

introduction and establishment of a pathogen that apparently originated in the 

Middle East (Rappole et al., 2000). Monkeypox is a rare zoonosis caused by a 

poxvirus that typically occurs in Africa. It was first found in monkeys in 1958 

and later on in other animals, especially rodents. The African squirrel is 

probably the natural host. Transmission to humans occurs by contact with 

infected animals or body fluids. During the summer of 2003, an outbreak of 

monkeypox occurred in the United States with 37 confirmed human cases 

(Reed et al., 2004). Those cases, the first outside Africa, were associated with 

contact with infected prairie dogs. The outbreak was epidemiologically linked 

to imported African rodents from Ghana. Most likely, infected imported 

rodents have transmitted the virus to prairie dogs in United States (Kruse et al., 

2004).  

This transmission illustrates how non-native animal species can create 

serious public health problems when they introduce a disease to native animal 

and human populations. Thus, the transportation, sale, or distribution of 

animals, or the release of animals into the environment, can represent a risk for 

spread of zoonoses. 

Human behavior and demographic factors can also influence the 

epidemiology of zoonoses with a wildlife reservoir. Hiking, camping, and 

hunting are activities that may represent risk factors for acquiring certain 

zoonoses with a wildlife reservoir.  

The risk of zoonotic diseases emerging from hunting and eating wildlife is 

still of global importance because of increases in human population density, 

globalized trade, and consequent increased contact between humans and 

animals. Different activities associated with bushmeat trade (tracking, 

capturing, handling, sometimes basic field butchering, and transporting of the 

carcass) involves contact with potentially infected animals. Particularly high 

risks may be associated with hunting nonhuman primates, and even greater 

risks in hunting species such as chimpanzee, which are phylogenetically 

closest to humans. Butchering (opening, cutting, dressing, and preparing the 

carcass) is obviously more high risk for bloodborne pathogens than the 
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transportation, sale, purchase, and eating of the butchered meat. The demand 

for bushmeat in West and central Africa is as much as 4 times greater than that 

in the Amazon Basin (Fa et al., 1995). Estimates of the extraction rate in the 

Congo basin suggest that more than 282.3 g of bushmeat per person per day 

may be eaten there, with a total of 4.5 million tons of bushmeat extracted 

annually (Fa et al., 2002).  

Deforestation of tropical forests is one cause of increasing contact 

between wildlife and hunters. Clear-cut logging may be less likely to result in 

zoonotic emergence than selective extraction because of the relatively low 

contact rate between people and wildlife during clear-cutting. Because of the 

high costs of extraction and transportation, logging in the Congo basin 

generally involves selective extraction of high-value timber species. Selective 

extraction is also more likely to sustain natural diversity of wildlife than clear-

cutting (Fa et al., 1995) and therefore, to sustain the diversity of potentially 

zoonotic pathogens available to hunters. Selective logging generally involves 

constructing roads and transporting workers into relatively pristine forest 

regions. Although roads can bring health care to rural communities, they also 

provide increased contact between low-density, remote human populations and 

urban populations with access to international travel, which allows localized 

emergence events the potential for rapid global spread (Hooper, 1999; Robbins 

et al., 2003).  

Building logging roads also leads to habitat fragmentation as forest edges 

along roads are degraded, which lowers the movement of wildlife between 

forest patches. This process may have three counteractive effects:  

 

1) as patch size decreases, smaller, more discrete, less dense populations 

of reservoirs result, some of which may be lowered below the 

threshold density of some potentially zoonotic microbes (McCallum 

and Dobson, 1995). In these cases, mathematical models of infectious 

diseases predict that the microbes will become extinct, lowering the 

risk for transmission to humans. 

2) in some cases, the loss of vertebrate reservoir host species richness 

may result in increased abundance of highly competent reservoirs of 

some zoonotic agents, increasing the risk for transmission to humans. 

Although this phenomenon has only been demonstrated for one 

pathogen, Borrelia burgdorferi, the causative agent of Lyme disease 

(LoGiudice et al., 2003), it may be more widespread. In this case, 

fragmentation increases the relative abundance of the highly 

competent reservoir, the white-footed mouse (Peromyscus leucopus) 
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and results in a higher risk for infection to humans (LoGiudice et al., 

2003).  

3) fragmentation due to road building may increase the functional 

interface between human populations and reservoir hosts.  

 

Roads provide an increased number of points at which hunting activities 

can begin. Roadside transport means that hunters can lay traps and hunt at the 

same distance from roads. This changes the pattern of human contact from a 

circular pattern to a banded pattern surrounding developed roads, increasing 

the area in which hunting can be conducted (Wolfe et al., 2005).  

Cameroon - a country of the Congo basin - can be used as an example of 

high level of deforestation correlated with emerging of zoonotic disease. In 

Cameroon, deforestation rates are high, with a loss of 800-1,000 km forest 

cover per year and corresponding increase in road-building and expansion of 

settlements (Gartlan, 1989). Cameroon is representative of a region in Africa 

in which noteworthy array of new zoonotic pathogens has been identified, 

including HIV/AIDS, Ebola, Marburg viruses, and monkeypox. The country is 

home to among the highest density of large anthropoid primates in Africa, as 

well as high human exposure frequency to wild primate tissues from hunting 

(Wolfe et al. 2000). Indeed, in one survey of rural villagers involved in a 

community-based HIV-prevention campaign in Cameroon, 61% of 

participants reported direct exposure to fresh, non-human primate blood and 

body fluids (Wolfe et al. 2004), making this area well-suited for a study of the 

zoonotic potential of SFV in bushmeat. Ten out of 1,099 (1%) Cameroonians 

adults sampled had antibodies to SFV, suggesting that primate retroviral 

zoonoses were more frequent, widespread, and contemporary than previously 

appreciated (Wolfe et al. 2004). 

 

 

TRANSMISSION MODES 
 

Zoonoses with a wildlife reservoir represent a large spectrum of 

transmission modes. Several zoonotic agents can be directly transmitted from 

wildlife to humans, e.g., Francisella tularensis, the causative agent of 

tularemia, can be transmitted by skin contact with an infested, diseased, or 

dead hare or rodent. By contrast, rabies virus is transmitted by bite (saliva) 

from a rabid animal. Hantaviruses are spread from rodents to humans by 

aerosols in dust from rodent excreta. Zoonotic agents can also be spread from 
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wildlife to humans indirectly by contaminated food and water, for example 

Salmonella spp. and Leptospira spp. 

Many zoonoses with a wildlife origin are spread through insect vectors. 

For example, Diptera (mosquitoes, tsetse fly, etc.) are well known vectors of 

several wildlife zoonoses, such as dengue fever and trypanosomosis.  

Humans are exposed to zoonotic pathogens by a variety of indirect 

pathways, including contact with contaminated environments. These pathways 

for infection are often associated with wilderness travel or adventure travel 

and ecotourism. 

 

 

Forest Zoonotic and Vector Transmitted Diseases 
 

Yellow fever is the well-studied disease from the standpoint of its 

association with forests (Monath, 1994). The virus that causes yellow fever is 

maintained in a transmission cycle of arboreal monkeys and sylvatic 

mosquitoes. Expansion into the forest by human settlements is a frequent 

cause of outbreaks. Much larger outbreaks occur when the transmission cycle 

leaves the forest canopy and extends to peri-urban and urban areas where the 

much higher density of humans and mosquitoes can fuel large epidemics 

(Sang and Dunster, 2001). 

This occurred in the Sudan in 2005, probably exacerbated by people 

fleeing areas of armed conflict and soldiers returning from forested areas. 

Environmental factors including abnormal rainfall may also have contributed 

to spreading the disease. The evolutionary capacity for rapid adaptation 

enables viruses to be transmitted efficiently in domestic or peri-domestic 

cycles. In the Congo basin, the most recently documented outbreak of yellow-

fever is in the Central African Republic where from 2006 to 2008, cases have 

been notified in the provinces of Ombella-Mpoko, Ouham-Pende, Basse-

Kotto, Haute-Kotto and in Bangui the capital (Ngoagouni et al., 2012).  

Malaria, a much older disease which contributes by far to the greatest 

number of deaths and disability of any infectious disease (300 million to 500 

million cases annually, with a death toll as high as 2.7 million), has less 

definitive zoonotic origins (Mu et al., 2005). It is nonetheless transmitted in 

many areas by forest associated mosquitoes. Recent research suggests that 

increased disease incidence in some areas of Africa, is linked to deforestation 

(Vittor et al., 2006; Walsh et al., 1993).  

Human African trypanosomosis (HAT – sleeping sickness) transmitted by 

Glossina sp or tsetse fly of various species belonging to Palpalis or Morsitans 
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groups exists under two differents forms: a chronic form due to Trypanosoma 

brucei gambiense and an acute form due to Trypanosoma brucei rhodesiense. 

This latter form is considered as a zoonotic disease. It occurs with higher 

levels of parasitemia in ungulates, and humans are the adventitious hosts. 

Transmission from man to man is associated with changes in the distribution 

of Glossina morsitans populations, also due to changes in the distribution of 

wild animals.  

Only the chronic form of HAT is endemic in all countries of the Congo 

basin. The location of endemic foci follows the patchy distribution of tsetse 

flies found in various ecological features of the region. The impact of sleeping 

sickness in terms of public health lies not in the annual incidence, but in its 

potential for the development of explosive epidemics causing thousands of 

deaths (Cattand et al., 2001). If incidence alone is considered, the disease 

appears as a minor health problem compared with other parasitic diseases like 

malaria and helminthic infections. However, because of its severity, a single 

case in a family will affect all members (Kuzoe, 1989). Outbreaks not only 

affect families but also place a major burden on the whole community by 

reducing the labor force, interrupting agricultural activities, disrupting the 

local economy and jeopardizing food security. If the Disability Adjusted Life 

Year (DALY) (i.e., loss of healthy life years by premature mortality and 

disability) are considered, the social and economic impact of trypanosomiasis 

ranks third behind malaria and schistosomiasis in sub-Saharan Africa (A. 

Moore, personal communication in Cattand, 2001). Populations fleeing 

sleeping sickness leave behind them vast deserted regions (Ekwanzala, 1996). 

A comparable exodus due to a disease can only be found in regions with river 

blindness, caused by the filaria Onchocerca volvulus. 

Chronic sleeping sickness form is generally not considered zoonotic, 

though it can be isolated from animal hosts (Mehlitz et al., 1982; Simo et al., 

2003). Large-scale control campaigns targeting only the human reservoir 

(active screening and treatment of human cases) are able to locally eliminate 

transmission (Pepin and Meda, 2001; Louis et al., 2002), but theoretical 

assessments of control options (Welburn et al., 2001) confirm that from an 

epidemiological perspective, the presence of animal hosts could serve as a 

reservoir of infection for humans. 

 

Changes in Vector Distribution and Density and Resurgence of Vector-

Borne Diseases 

If suitable vectors are present in adequate densities, the resurgence or 

recrudescence of transmission of a vector-borne disease in a given area is 
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possible, especially if the infection was previously endemic. Recrudescence of 

disease transmission cannot occur if the vectors have been eradicated and 

changed ecological conditions preclude their reestablishment. Unfortunately, 

major ecological changes have often fostered vector proliferation. Such 

changes may result from environmental alterations induced by development 

projects such as deforestation (Sharma et al., 1991), or urbanization (Gratz, 

1973; Frankie and Ehler, 1978). 

In some countries, efficient vectors remain present but the diseases they 

transmitted have disappeared, e.g., sleeping sickness in Rwanda and Burundi. 

These areas are, however, under threat if infectious agents are reintroduced.  

Changes in vector densities and hence the incidence of vector-borne 

diseases are mainly due to human activities affecting the environment. 

Increased temperatures and rainfall could influence the range of vectors and 

incidence and distribution of malaria, Chagas disease, sleeping sickness, 

dengue, and other arboviruses (Gratz, 1999). An increase of 2°C in mean 

ambient temperature in central Africa would cause the disappearance of tsetse 

flies from the middle belt of Africa, but they could breed more efficiently in 

the forest belt where rainfall would be greater. This could prove catastrophic 

for human and domestic animal populations in tsetse-infested areas (Cook, 

1992). Resurgent vector populations resulting from global warming could 

cause at least as many problems to public health as those that now exist (Jetten 

et al., 1996). There is still controversy as to the likely effects of global 

warming and to the extent that it may occur (Service, 1990); nevertheless, 

should long-term temperature changes take place, establishing sensitive 

surveillance systems for detecting tropical vectors or the emergence of vector-

borne diseases would need to be imperative.  

 

 

ZOONOTIC EMERGING DISEASES IN THE CONGO BASIN: 

A CHALLENGE  
 

Emerging diseases affect our health, and they also threaten trade, travel, 

tourism and /or ecotourism and livelihood. All wild western lowland gorillas 

live in the Congo basin, where hunting, farming, ecotourism, political conflict, 

research, and conservation-related activities bring great apes and humans into 

closer contact. Emerging infectious diseases, such as Ebola and anthrax, are 

endemic to these dense forests and have proven deadly to both humans and 

great apes. The bushmeat trade poses a major direct threat to gorillas and 
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chimpanzees. And through the handling and consumption of wild meat in the 

trade, humans are exposed to a slew of potential pathogens. The Ebola virus is 

an especially troublesome example, as there is currently no available treatment 

for those infected and the mortality rate can be as high as 80 percent (Leroy et 

al., 2004; Allela et al., 2005). Chimpanzees, gorillas, and humans are close 

evolutionary relatives and therefore vulnerable to more than 140 of the same 

diseases. As the numbers of researchers, eco-tourists, local people, and 

soldiers increase in and around the lowland forests of central Africa, the 

likelihood of viruses, parasites, and other pathogens passing between them and 

great apes rises. Zoonotic infectious disease epidemics may last a few weeks 

or a few months and can overwhelm the everyday course of society. They are 

considered to be among today‘s major challenges to science, global health and 

human development. Rapid changes associated with globalization, especially 

the rapidly increasing ease of transport, are mixing people, domestic animals, 

wildlife and plants, along with their parasites and pathogens, at a frequency 

and in combinations that are unprecedented.  

The role of and potential effects on forests and implications for forest 

resource management are significant. Forest land use changes and practices, 

particularly when unregulated and unplanned, frequently lead to increased 

prevalence of zoonotic and vector-borne diseases, and occasionally boost the 

prevalence of diseases capable of producing catastrophic pandemics. Impacts 

of these diseases pose a diverse set of challenges to the conservation 

community. In addition to the threat to wildlife and human health, zoonotic 

emerging diseases can lead to loss of conservation capacity and funding. 

Economically, zoonotic emerging diseases can be devastating on both the local 

and national level, especially for livestock-dependent populations. Ultimately, 

it may create cycles of illness, malnutrition, and poverty, further impacting 

sustainable land use, natural resource management, and conservation 

initiatives. This should be taken into consideration in forest land use and forest 

resource planning and management. A number of actions can be taken to 

reduce the chance of transmission including conservation of wildlife habitat, 

community education, and surveillance. 

In view of the enormous impact zoonotic emerging disease have on 

humans and economic development, including the economic impacts of 

diseases on agriculture and forestry, collaboration between the agricultural, 

forest and public health sectors is required to develop policies and practices for 

the prevention and control of zoonotic emerging disease. This will require 

substantial increases in the regulation, surveillance and screening of pathogens 

in transportation systems. Research on zoonotic emerging disease, particularly 
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which involves the ecological epidemiology of zoonotic and vector-borne 

diseases associated with forests, needs to be integrated with forest resource 

management and planning. Greater emphasis is needed on integrating research 

and practice, for example through the development of forest management 

guidelines that can contribute to the control and prevention of zoonotic 

emerging disease. This will require increased interdisciplinary and 

collaborative research among foresters, forest ecologists, and wildlife and 

human infectious disease experts for better understanding of the role and 

impact of forests and forest land use and management on zoonotic emerging 

disease.  

 

 

PREVENTION OF ZOONOTIC DISEASE EMERGENCE 
 

The growth of human populations and the demand for animal protein is 

rising relentlessly. Zoonoses are therefore going to continue to be major 

threats to sustainable development. Current global disease control focuses 

almost exclusively on responding to pandemics after they have already spread 

globally (Wolfe, 2005). Nevertheless, dramatic failures in pandemic control, 

such as the ongoing lack of success in HIV vaccine development thirty years 

into the pandemic, have shown that this wait-and-respond approach is not 

sufficient and that the development of systems to prevent novel pandemics 

before they are established should be considered imperative to human health. 

The early detection of emergent threats to human health is all the more 

important, given the speed with which disease causing agents are now capable 

of being distributed around the globe through air travel (Arguin et al., 2009) 

and the global trade of animals as potential reservoirs of disease (Arzt et al., 

2010). Because the success of a pathogen depends on its ability to spread from 

human to human and on the number of susceptible humans, our ability to cross 

continents in a single day poses a unique new challenge to emerging infectious 

disease control. Many studies have highlighted the importance of global travel 

to the spread of pandemic disease (German et al., 2006; Grais et al., 2003; 

Hufnagel et al., 2004) and the recent emergence and subsequent global spread 

of H1N1 influenza virus eloquently illustrates how our global 

interconnectedness can affect the worldwide distribution of a new virus.  

Given the fact that more than one-half of emerging infectious diseases 

have resulted from zoonotic transmission (Jones et al., 2008) and that the 

human-animal interface is so pivotal to the process of disease emergence, it 

stands to reason that the most effective strategy in terms of early detection of 
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an emergent pathogenic threat would focus on conducting surveillance of 

humans highly exposed to animals and within the animal populations to which 

they are routinely exposed. Despite this, there exists no systematic global 

effort to monitor for pathogens emerging from animals to humans in ―at-risk‖ 

populations (Pike et al., 2010). Although a global surveillance system for 

pandemic prevention is still far from reality, there may be more immediate, 

interim measures that may be taken to mitigate the risk of zoonotic 

transmission, even in the absence of a global surveillance effort. In situations 

where humans and animals are in close contact, behavioral change approaches 

may be a preventative step to reducing the risk of zoonotic transmission. 

Behavioral modification campaigns have previously been used in combating 

outbreaks of known infectious diseases (Kebaabetswe and Norr, 2002; Fithen, 

2003; Boumandouki et al., 2005) with the purpose to increase awareness of the 

disease and to promote behavior change aimed at reducing incident cases. 

Similar risk-reduction measures were implemented in Cameroon with 

Cameroonian bushmeat hunters through ―healthy hunter‖ education sessions 

(Pike et al., 2010). These sessions were designed to encourage hunters to 

reduce their contact with wild animal blood and body fluids. Hunters were 

educated on pathogens that can be found in wild animals, which species are 

believed to pose the greatest risk with regard to the transmission of zoonotic 

agents, and what steps can be taken to avoid possible infections.  

Although it is important to explain that the best way to avoid infections is 

to not handle animals and to limit one‘s exposure to animal blood and body 

fluids, for many people living in the Congo basin, hunting and butchering 

represent an essential part of daily food preparation. Thus, the focus of this 

intervention should be on reducing the risk of zoonotic infection and not 

necessarily the practice of bushmeat hunting itself. Therefore, the interactive 

education sessions will mean to inform individuals of precautions that may be 

taken to reduce the risk of being infected with a zoonotic agent when engaged 

in high risk practices such as hunting and butchering. Such precautions include 

avoiding the hunting of nonhuman primates, because they share many diseases 

and infections with humans; avoiding butchering or handling animal meat if 

there are injuries on the hands or arms; immediately washing any bites, 

scratches, cuts, or injuries obtained during hunting or butchering, preferably 

with soap; and avoiding contact with animal carcasses found in the forest.  

Some common sense guidelines for protecting hunters from risk: 
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1) Avoid hunting if you are feeling ill. People are more prone to disease 

if their immune systems are weakened by other illnesses or 

conditions. 

2) Take precautions to minimize insect bites. 

3) Do not handle or eat wild game or fowl that appeared ill or were 

acting in an abnormal manner before they were killed. 

4) Do not eat, drink or smoke while cleaning wild fowl or game. 

5) Always protect your hands with gloves (heavy rubber, latex, or nitrile) 

when field dressing wild game or fowl. 

6) Do not use the same utensils to clean different species. 

7) If there are any old wounds on the carcass, and especially if there is 

pus present, meat in this area should be removed and discarded. A 

large area of tissue around the wound and pus pockets should also be 

cut away with the wound, even if the tissue looks normal, because it 

can still harbor infection.  

8) If any abnormalities are seen in the chest or abdominal cavity of the 

carcass, consider disposing of the entire carcass. 

9) Minimize contact with brain or spinal tissues. When boning out the 

carcass, keep both the head and spine intact. Do not cut into the head 

of any antlered animal that showed abnormal behavior, even to 

remove the rack. 

10) When removing antlers from a healthy animal, use a hand saw rather 

than a power saw, and always wear safety glasses. 

11) Avoid abdominal shots because they lead to contamination of the 

meat and can cause the animal needless suffering. If any intestinal 

contents of the game come into contact with meat, the meat should be 

considered contaminated and should be cut off and discarded. Do not 

feed the contaminated meat to other animals, or they may become 

infected. 

12) Large game should be shot with a clean, humane kill shot, preferably 

avoiding the abdomen, followed quickly by removal of the intestines; 

this minimizes the risk of intestinal contents contaminating the meat. 

13) If any of the intestines have an abnormal smell or discharge, or if 

pockets of blood are seen in the muscle unassociated with the 

bullet/shot/arrow wound, the flesh should be considered unfit for 

eating. 

14) The abdominal cavity should be cleaned, dried and cooled until the 

meat is processed. During warm weather (over 65°F, or 18.3 C), bags 
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of ice should be placed in the body cavity to hasten cooling. The 

carcass should be protected against flies.  

15) Wash hands thoroughly with soap and water or an alcohol-based 

sanitizer immediately after handling wild game or fowl, including the 

tissues and meat.  

16) Wash tools, equipment and working surfaces (including tables and 

cutting boards) thoroughly with soap and water, followed by 

disinfection immediately after handling any wild game or fowl.  

17) If you prepare your own ground meat, thoroughly clean and disinfect 

all equipment after use. 

18) Avoid eating raw or undercooked meat. 

19) Always cook wild meat until the juices run clear and the meat is no 

longer pink in color (generally 65.6-82.2 C; depending on the type of 

meat). This will reduce the risk of food-borne disease.  

20) Any uncooked game should be promptly frozen, refrigerated or 

disposed of properly. 

21) Keep uncooked wild game separate from cooked or ready-to-eat foods 

to avoid contamination. 

22) Meat should be properly wrapped and stored on bottom shelves of the 

refrigerator or freezer to avoid blood dripping on (and potentially 

contaminating) other foods. 

23) Meat should be refrigerated or frozen properly and should not be kept 

at room temperature. 

24) Freezing meat does not necessarily protect against disease (American 

Veterinarian Medical Association, 2010).  

 

More research is needed to determine the efficacy of reducing disease 

spread through social mobilization, public health education, behavioral 

change, and communication strategies. 

Although it is challenging to measure behavioral change efficacy in 

reducing the risk of transmission of potential pathogens, program evaluation 

will be important in defining replicable behavioral change and communication 

models that are useful in emerging infectious disease ―hot spots,‖ those 

regions that have disproportionately given rise to the majority of human 

diseases. If they prove to be effective, behavior modification measures may 

have an enormous impact on curtailing disease emergence and progression in 

conjunction with other strategies.  
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CONCLUSION 
 

Zoonotic emerging infectious diseases are considered to be among today‘s 

major challenges to science, global health, human development and forest 

preservation. Rapid changes associated with globalization, especially the 

rapidly increasing ease of transport, are mixing people, domestic animals, 

wildlife and plants, along with their parasites and pathogens, at a frequency 

and in combinations that are unprecedented. In view of the enormous impact 

zoonotic emerging infectious have on humans and economic development, 

including the economic impacts of diseases on agriculture and forestry, 

collaboration between the agricultural, forest and public health sectors is 

required to develop policies and practices for the prevention and control. This 

will require substantial increases in the regulation, surveillance and screening 

of pathogens in transportation systems. Research on zoonotic emerging 

infectious needs to be integrated with forest resource management and 

planning. There is a need to develop forest management guidelines that can 

contribute to the control and prevention of those diseases, and to introduce 

education sessions that will encourage hunters to reduce their contact with 

wild animal‘s blood and body fluids. This will require increased 

interdisciplinary and collaborative research among foresters, forest ecologists, 

and human infectious disease experts for better understanding of the role and 

impact of forests and forest land use and management on zoonotic emerging 

infectious diseases. 
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