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EXTENDED ABSTRACT 

 

Land cover, land use, and human activities pattern have been reported to be important 

determinants of vector borne diseases transmission including plague. Plague, still 

occurring in different parts of the world, has been a threat in the Eastern Africa region 

including the Western Usambara Mountains, Tanzania. Plague is a severe, rodent 

associated, bacterial zoonosis caused by Yersinia pestis. Literature suggests that 

factors influencing the critical contact between rodent hosts, flea vectors, and humans 

as well as human behaviours that may enhance or diminish this contact are not well 

understood in many areas particularly in the Eastern Africa region. Hence, studies 

that link a complete geographic perspective including land use and land cover, host, 

vector and human activities pattern dimensions are important. Understanding the 

influence of the landscape factors on small mammals like rodents and flea abundance 

and their spatial distribution as well as the human exposure risks is vital and can 

assist in formulating prevention and surveillance mechanisms.  

 

Studies carried out in East Africa and elsewhere report a wide variety of potential 

health impacts arising from land use and land cover and terrain factors most of which 

are not well studied in the Western Usambara Mountains. Hence, the current research 

aimed to contribute to efforts of giving an insight into the roles of land cover, land 

use and human activities pattern in plague infection risks in the Western Usambara 

Mountains, Lushoto District, Tanzania. Specifically the study aimed: (i) to map land 

cover and terrain attributes and determine their association with plague hosts and 

vectors at landscape level (ii) to identify land use and land management practices 

associated with abundance and distribution of plague hosts and vectors at farm level 
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(iii) to model people’s movements and activities pattern in order to determine chances 

of their exposure to plague in space and time.  

 

The study was carried out in three selected landscapes in the Western Usambara 

Mountains in Lushoto District, Tanzania. Study sites were selected to reflect a 

geographic gradient in plague incidence for the period 1980-2004, based on results 

from previous research on rodents, fleas and plague casualties in the area. The 

findings from those studies concur in distinguishing high, medium, and low incidence 

zones. Within this gradient three representative landscapes were selected differing in 

terms of (i) the incidence of plague, (ii) diversity in land use and associated human 

activities, (iii) landform characteristics, and (iv) climatic conditions. The selected 

landscapes are named Shume (high plague incidence), Lukozi (medium plague 

incidence) and Mwangoi (low plague incidence). In the context of the current study, 

Landscape is defined as “an area of land covering two to three villages with a 

repetition of similar relief types or an association of dissimilar relief types (valleys, 

plateaus, mountaineous hilly relief types), more or less homogeneous land use/cover 

types (natural forest, cultivated land, plantation forest and built up areas) and having 

specific historical plague incidence rate”. 

 

Twenty four observation sites (quadrats) of 100 x 100 m were established per sample 

landscape area. A Stratified random sampling procedure based on broad land cover 

types and topography was used to locate the observation sites in each sample 

landscape area. Decision on the number of observation sites considered representative 

sample size, time and human resources availability. Data collection was done in the 
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wet season (April-June 2012) and the dry season (August-October 2012). The study 

used a geospatial approach to examine the influence of land cover/use and terrain 

factors on the abundance and spatial distribution of plague hosts (small mammals) 

and plague vectors (fleas). The approach included use of remote sensing and 

Geographic Information System (GIS), field observational survey and household 

questionnaire survey for mapping land cover/use, human movements and activities 

pattern, and, trapping of small mammals. Isolation and counting of fleas was done 

from the trapped rodents. During field survey, various visible indicators of land use 

were mapped and quantified within the quadrats. Two major categories of land use 

were defined: (a). Land management practices e.g. terrace, (b). Crop types and their 

associated elements e.g. maize farming. These land uses are named as ‘individual 

land use types’ in the current study. Each quadrat was also classified based on its 

aggregated land uses. For example whenever the quadrat was dominated by both 

annual and perennial crops, the aggregated land use type for that particular quadrat 

was classified as ‘Mixed annual perennial crops’. 

 

Data analysis on land cover/use and terrain factors was done using remote sensing 

image processing tools and GIS. The approach used to determine the human activity 

spaces was kernel density estimation. Interpolation and zonal statistics GIS analyses 

were used to determine human-flea co-occurrence. Analysis of Variance (ANOVA) 

was used to evaluate differences in the data (Aggregated land use types, small 

mammal and flea abundance, human-flea co-occurrence) whenever the data passed 

normality and homogeneity tests and in case of non-success the non-parametric 

ANOVA on Medians (Mood’s Median test) was used. The Boosted Regression Tree 
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(BRT) modeling technique was used to clarify the relationships between the 

individual land use types, land cover types, and terrain attributes, with small mammal 

and flea abundance.  

 

Results indicate that elevation positively influenced the presence of small mammals 

(plague hosts). This could be attributed to the increased resource availability (water 

and food) as one moves from low to high altitude on the landscape. The presence of 

fleas (plague vectors) was clearly influenced by land management features such as 

miraba which tended to increase in intensity with increase in slope gradient. Miraba 

is an indigenous land management practice with grass strips surrounding crop fields 

in a rectangular shape in the Western Usambara Mountains, Tanzania (a unique 

indigenous soil erosion control practice in the Usambara Mountains). Medium to high 

resolution remotely sensed data and field collected data integrated in GIS have been 

found to be quite useful in studying plague infection risks. These findings contribute 

to efforts on plague surveillance and awareness creation among communities on the 

probable risks associated with various landscape factors during epidemics. The 

identified land cover/use and terrain characteristics integrated in the expert GIS 

engine provide future potential analysis and understanding of the association of 

plague risk indicators including human behaviour variables at farm scale. The results 

also show that there was a significant variation (p ≤ 0.05) of small mammal 

abundance among land use types. Plantation forest with crop farming, natural forest 

and fallow had higher populations of small mammals than the other aggregated land 

use types. Plantation forest with crop farming, and fallow which is mainly surrounded 

by agricultural fields, offer conducive environment for small mammals in terms of 



 

 

 

 

 

 

 

vi 

 

 

food and shelter. Natural forest also provides food, water and shelter for small 

mammals. Shelter and food are important factors in breeding, recruitment and 

survival of rodents. Both miraba and fallow tended to favour small mammals’ 

habitation whereas land tillage practices had the opposite effect in dry season. Tillage 

of land could have resulted in the destruction of rodents burrows and mounds, 

destruction of nest sites, alteration of microclimate, and removal of vegetation some 

of which comprise food sources and shelter for the rodents. In addition, during the 

wet season crop types such as potato and maize appeared to positively influence the 

distribution and abundance of small mammals which was attributed to both shelter 

and food availability. 

 

A significant variation (p ≤ 0.05) of flea indices in different land use types was also 

identified. Fallow and natural forest had higher flea indices whereas plantation forest 

mono-crop and mixed annual crops had the lowest flea indices among the aggregated 

land use types. The observed variations of flea index among aggregated land use 

types could be attributed to the impact of land use practices on flea habitat structure. 

Fallow structure, which in most cases is also surrounded by agricultural fields, 

provides conducive microclimate for fleas on one hand and a supply of both food and 

shelter for rodents on the other. The influence of individual land use types on flea 

indices was variable with fallow having a positive effect and land tillage showing a 

negative effect. Fallow fields have also been associated with plague cases in many 

countries including Uganda and hence findings from this study further lend credence 

to the hypothesis that plague infection risk could be associated with fallow in the 

study area. This is because previous studies showed that flea index could be used as 
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an indicator of plague infection risk. Tillage of land which destroys surface and 

subsurface microclimate could be detrimental to flea survival. This observation is of 

practical significance with regard to the need of clearing surroundings of homesteads 

and avoiding long fallow cycles.  

 

The results also demonstrated a seasonal effect, part of which could be attributed to 

different land use practices such as application of pesticides. These findings suggest 

that land use factors have a major influence on rodent flea abundance which could be 

taken as a proxy for plague infection risk. The results further point to the need for a 

comprehensive package that includes land tillage and crop type considerations on one 

hand and the associated human activities on the other, in planning and 

implementation of plague control interventions.  

 

The results indicate further that, the degree of spatial co-occurrence of potential 

plague vectors (fleas) and humans in Lushoto focus differs significantly (p ≤ 0.05) 

among the selected landscapes for both dry and wet seasons. For the dry season, the 

Mood’s Median test indicated that Shume had the highest median average flea index 

(Median = 0.983) followed by Lukozi (Median = 0.575) and Mwangoi (Median = 

0.380). For the wet season, the ANOVA means also followed the gradient of plague 

incidence rates i.e. 0.54 for Shume, 0.50 for Lukozi and 0.24 for Mwangoi. The study 

suggests that plague surveillance and control programmes at landscape scale should 

consider the existence of plague vector contagion risk gradient from high to low 

incidence landscapes due to human presence and intensity of activities. The current 

study has demonstrated the importance of land use/cover and human activity spaces 
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in the study of plague infection risks. Based on the findings from the current study the 

following conclusions can be drawn: 

 

i. The relationship between land cover and terrain attributes on one hand and 

small mammals and fleas as potential hosts and vectors of plague, has been 

well elaborated by remote sensing and GIS integration of geodatabase at 

different spatial scales and resolutions. Hence a geomatic approach using 

remote sensing data and GIS technologies is valuable in studying plague 

infection risks. 

 

ii. Small mammals and fleas abundance and distribution is influenced by the 

specific land use and land management types namely Fallow, Miraba, Tillage, 

Plantation forest with farming, Natural forest and Woodlot. Tillage has a 

negative influence whereas the other five land use and management types 

have positive influence. 

 

iii. Small mammal presence in different land use types can influence abundance 

of fleas. These findings therefore, make a significant contribution towards 

efforts in the control of plague risk factors in space and time. 

 

iv. Spatial co-occurrence of a potential disease vector and humans differs 

significantly among the plague incidence landscape areas and follows the 

established plague incidence gradient of high, medium and low for both dry 

and wet seasons. This trend gives a coarse indication of the possible 
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association of the plague outbreaks and the human frequencies of contacting 

environments with fleas. 

 

v. The findings from this study are of public health relevance because they may 

guide plague surveillance, prevention and control programmes at fine scales 

by providing information to health workers to focus control measures on land 

use/cover and landscape units with high concentration of rodent fleas, 

especially during epizootic periods. 

 

vi. Systematic trapping of small mammals and collection of rodent fleas for 

surveillance should target miraba, fallow land, plantation forest with farming, 

natural forest and woodlot. 

 

The following recommendations are made in the light of gaps revealed from the 

findings of this study so as to provide further insights into the plague disease. 

 

i. Land management practices including tillage of land and crop types and the 

associated human activities should be included in the general scheme of 

plague control and management.   

 

ii. Future efforts to predict and map spatial and temporal human plague infection 

risk at farm scale should consider the role played by land use on small 

mammals and rodent fleas abundance and distribution.  
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iii. The study suggests that plague surveillance and control programmes at 

landscape scale should consider the existence of plague vector contagion risk 

gradient from high to low incidence landscapes due to human presence and 

intensity of activities. 

 

iv. Further studies should be conducted to investigate how land use practices 

influence surface and subsurface microclimate conditions of various small 

mammals and flea species 

 

v. Outdoor application of insecticides to control flea abundance has been found 

to be an effective measure against plague. However, further studies on timing 

of applications during epizootics vis-à-vis crop type should be considered. 
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CHAPTER ONE 

 

1.0   GENERAL INTRODUCTION 

1.1   Land use, land cover and disease transmission  

Land use is defined as “the total arrangements, activities, and inputs that people 

undertake in a certain land cover type; the man’s activities on land which are directly 

related to the land” (Anderson et al., 1976; FAO, 2006). Land use is also defined as 

the purpose for which humans exploit the land cover (Lambin et al., 2003). On the 

other hand, land cover is the observed physical and biological cover of the earth’s 

surface such as vegetation or man made features (FAO, 1997). The increasing world 

population, the desire to achieve higher levels of food production and the changing 

nutritional patterns of growing urban populations, have led to an extensification and 

intensification of agricultural production in most developing countries (WHO, 1996). 

 

Agricultural development policies usually aim to improve food security, socio-

economic conditions and the quality of life. Unfortunately, agricultural development 

may also have adverse health effects, notably through the spread and intensification 

of vector-borne diseases which may invade new areas, increase transmission rate 

and/or season with resulting higher numbers of cases, or cause more severe disease 

symptoms (WHO, 1996). For example, many of the plague affected areas in African 

countries including Tanzania are potential agricultural areas and have high population 

densities (Laudisoit, 2009; Ndakidemi and Semoka, 2006). It has also been reported 

that humans get infected with the causative agent of diseases when they enter zones 

with infected wild animals through activities such as cultivation, hunting and 
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recreational activities in forest (Lambin et al., 2010; Zimba et al., 2011). Movements 

into high-risk areas not only lead to individual infection, but can also contribute to 

local transmission when infected hosts return home and infect competent vectors 

(Stoddard et al., 2009). 

 

Anthropogenic land use changes are the primary drivers of a range of infectious 

disease outbreaks and emergence events and also modifiers of the transmission of 

endemic infections (Patz et al., 2000). For example, expansion and changes in 

agricultural practices are intimately associated with the emergence of Nipab virus in 

Malaysia, cryptosporidiosis in Europe and North America and a range of food-borne 

illness globally (Chua et al., 1999; Rose et al., 2001; Lam and Chua, 2002). 

Deforestation is reported to increase interaction among pathogens, vectors, and hosts 

and humans due to decrease in the overall habitat available for wildlife species and 

modifiers of the environmental structure (Patz et al., 2004). 

 

It is clear from the reported literature that detailed and clear studies on land cover and 

terrain characteristics would improve the understanding of the presence of vectors 

and hosts (Ostfeld et al., 2005; Lambin et al., 2010; Vanwambeke et al., 2011). On 

the other hand studies on land use would attempt to identify which places people visit 

for specific activities, at what time of the day and of the year, and at what frequency 

and the chances to interact with infection risks (Lambin et al., 2010).  

 

Therefore, in order to attain insight into plague infection risks in the Western 

Usambara Mountains, Tanzania, the current study attempted to bring on board land 
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cover and terrain attributes as well as land use and human activities pattern as 

landscape determinants of plague risks. 

 

1.2   Human Plague 

1.2.1   Global transmission and geographical distribution of plague  

Plague is a severe, rodent associated, bacterial zoonosis caused by Yersinia pestis 

(Gage and Kosoy, 2005). According to notifications received by the World Health 

Organization (WHO), from 1989 through 2003, there have been 38 310 cases of 

plague with 2 845 deaths worldwide. The majority of plague cases have been 

clustered in 25 countries in Africa and Asia. Due to lack of systematic surveillance, 

poor diagnostic facility and reluctance to report outbreaks, these statistics are likely 

underestimates of the true magnitude of plague in the world (Pham et al., 2009). 

 

Yersinia pestis, the etiologic agent of bubonic and pneumonic plague, is a gram-

negative bacterium with an extraordinary pathogenicity. Transmitted by infected 

fleas, the bacteria cause a hyperplasia of the draining lymph node (bubo), followed by 

septicemia and the patient's death within one week if an effective antibiotherapy is 

not administered on time. Furthermore no safe and efficient vaccine against plague is 

currently available (Blisnick et al., 2008). Humans are extremely susceptible to Y. 

pestis infection, and the disease is generally fatal when not appropriately treated 

(WHO, 2008). A complete plague cycle as proposed by Stenseth et al. (2008) is 

shown in Figure 1. 
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Figure 1: Possible transmission pathways for Y. pestis. These pathways include 

wildlife rodent-flea cycles (A), the commensal rodent-flea cycles (B), 

and the pneumonic transmission in humans (C). The colour of the 

arrows indicates the mechanism (flea bites, air particles, meat 

consumption) through which the bacteria are transferred from one 

host to another. Dark blue arrows indicate ways in which plague can 

move to other areas 

        Source: Stenseth et al. (2008) 

 

 

The disease is endemic in natural foci on all continents except Australia, Antarctica 

and Europe (Neerinckx, 2010). It is widely distributed in the tropics, the subtropics 

and in warmer areas of temperate regions between the parallels 55°N and 40°S 

(Laudisoit, 2009). Plague foci can be found in a variety of habitats such as grasslands, 
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native forests, altitude rainforests, and desert- and steppe-like areas (Dennis et al., 

1999). Although several natural foci are known (Fig. 2), a recent World Health 

Organization report concluded that additional foci likely remain to be discovered, and 

hence it is unknown how many people live in plague-risk areas (WHO, 2008). 

Furthermore, plague foci are not fixed and their distribution can shift in response to 

changes in environmental conditions with respect to climate, land use, rodent and flea 

distributions, etc (Duplantier et al., 2005). 

 

 

Figure 2:  Distribution of plague regions in countries which reported human 

plague after 1970 (compiled from GIDEON, WHO, CDC, and 

country sources). The red areas are regions wherein plague areas 

exist; they are demarcated by the borders of the regions at 

administrative levels 1, 2, or 3, depending on the detail of spatial 

occurrence information available, and then converted to an overall 

resolution of 100 x 100 km in order to make all plague areas visible 

 Source: Neerinckx (2010) 
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1.2.2   Human plague distributions in Tanzania  

Plague has been endemic in Tanzania for more than a century (Kilonzo et al., 2005). 

The first recorded outbreak of human plague in the country occurred in Iringa in 1886 

(Davis et al., 1968). Between 1886 and 1969 many foci were established in the 

country. These include the Iringa, Lake Victoria, Singida/Kondoa, Mbulu, Meru, 

Kilimanjaro and Pare foci (Kilonzo et al., 1992). Many outbreaks of human plague 

occurred in these foci during the period 1886 to 1979 and involved large numbers of 

human cases and deaths (Kilonzo, 1981). Between 1985 and 1999, Tanzania 

accounted for 25.4% of African plague cases, and 22.0% of African plague deaths 

(Laudsoit, 2009). According to Kilonzo et al. (2005), over the years, outbreaks of the 

disease have occurred in various parts of the country and involved large numbers of 

human cases and substantial case-fatality rates. Since 1980, however, only four 

districts (Lushoto, Singida, Karatu and Mbulu) have experienced outbreaks of the 

disease (Ziwa et al., 2013). Of these districts, Lushoto District has the highest 

incidences of the disease (Table 1) (Kilonzo et al., 1997; Ziwa et al., 2013). 

 

In Lushoto, plague outbreaks have occurred yearly from 1980 to 2003 and involved 

the largest number of recorded cases and deaths in the country (Ziwa et al., 2013) 

(Table 1). According to Kamugisha et al. (2007), during the 17-year period (1986 to 

2002), a total of 6 249 human plague cases were reported from all four affected 

divisions in Lushoto District. Bubonic plague was the most frequently diagnosed 

clinical form with a prevalence of 86.4% (Table 2).   
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Table 1: Plague cases and deaths in four foci in Tanzania for the period 1980-

2011 

District Number of cases Number of deaths Percent of deaths 

Lushoto 7 907 640 8.1 

Karatu 197 14 7.1 

Mbulu 190 19 10.1 

Singida 196 2 1.0 
Source: Ziwa et al. (2013) 

 

 

Table 2:  Distribution of plague cases (%) by clinical form in Lushoto focus for 

the period 1986-2002 

Affected areas  Cases  Clinical form  

Division No. villages No. of cases Bubonic Septicaemic Pneumonic 

Lushoto   6 343 249(74.1%) 51(15.2%) 36(10.7%) 

Mlalo 19 3 476 3 022(89.1%) 211(6.2%) 160(4.7%) 

Mlola 14 1 135 906(88.6%) 59(5.8%) 57(5.6%) 

Mtae 11 1 177 913(78.3%) 70(6.0%) 183(15.7%) 

Mombo   1 212 212(99.1%) 0(0%) 2(0.9%) 

Total 51 6 249 5 302(86.5%) 391(6.4%) 438(7.15) 
Note: 118 cases were not categorized into plague forms 

Source: Kamugisha et al. (2007) 

 

 

1.3    Land use and human activities pattern as determinants of plague infection 

risks 

Land use and human activities pattern have been reported to be important 

determinants of vector borne diseases transmission worldwide (WHO, 1996; Patz et 

al., 2004; Linard et al., 2007; Arinaminpathy et al., 2009). A study conducted by 

Perry and Fetherston (1997), showed that land use changes in many parts of the world 

increase the probability of interaction between sylvatic and peridomestic rodents, and 

between sylvatic rodents and humans. Sylvatic rodents are wild rodents and 

peridomestic rodents live in and around human settlements. It has to be noted that 

many outbreaks of plague in Tanzania have been associated with or preceded by large 

increases and/or mortalities of rodents in the infected area (Kilonzo et al., 2005). 
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Another study conducted in Madagascar (Duplantier et al., 2005) showed that the 

population of fleas on Rattus rattus was very different under different land use types, 

such as forest and agricultural land. Changes in land use induced by deforestation, 

urbanisation and associated factors, induce changes in flea and rodent populations, 

and thus, in the potential plague reservoirs. Furthermore, Land use and changes in 

landscape structure caused by human activities may affect plague dynamics by 

significantly altering the composition of ecological communities of both vector and 

potential Y. pestis hosts, thereby altering key ecological interactions involved in 

pathogen transmission pathways (Ziwa et al., 2013). Such phenomenon has been 

witnessed in the two plague active foci of Mbulu and Lushoto in Tanzania where 

there is greater encroachment into natural wild rodent habitats which leads to more 

frequent contacts between wild and domestic rodents, thus facilitating transfer of both 

fleas and the plague bacteria and hence human infection (Collinge et al., 2005; 

Makundi et al., 2008; Ben Ari et al., 2011). According to Mbilinyi (2000), Tanzania 

is generally categorised by land use/cover types into small scale agriculture, large 

scale agriculture, grazing land, forest and woodland, and other land (Table 3). Other 

land includes settlements, road insftrasture, etc (Mbilinyi, 2000). The total area of 

Tanzania is 939 701 km
2
 of which 58 100 km

2
 is water and average cultivated land 

per year is about 51 000 km
2
 (URT, 2011). 
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Table 3: Proportion of different land use/cover types in Tanzania 

Land use Area (thousands km
2
) % of the total Land 

Small-Scale Agriculture 41 5 

Large-Scale Agriculture 11 1 

Grazing Land 350 39 

Forest and Woodland 440 50 

Other Land 44 5 

TOTAL 886 100 
Note: 

Other land includes settlements, road infrastructure, etc. 

Wildlife protected areas which cover about 25% of the total land are included in grazing land and 

woodland. 

Source: Mbilinyi (2000) as modified from National environmental action plan of 1994. 

 

In the plague endemic area of Western Usambara Mountains, Lushoto District; 

rainfed agriculture is the most important land use followed by irrigated agriculture, 

livestock keeping, natural forestry, plantation forestry and utility woodlots (Kaoneka 

and Solberg, 1994; Msita et al., 2010). The area is potential for production of 

vegetables mainly grown on valley bottoms under irrigation (Pfeiffer, 1990; Tenge et 

al., 2004). The land management in the study area includes some of the introduced 

technologies such as bench terraces, strips of Napier grass (Pennisetum purpureum) 

or Guatemala grass (Tripsacum laxum), fanya juu (which are hillside contour ditches 

made by throwing excavated soil on the upper part of the ditch), infiltration ditches 

and cut-off drains, and different forms of agroforestry (Kaoneka and Solberg, 1994; 

Tenge et al., 2004; Msita, 2013).  

 

Miraba (Msita, 2013) is a prominent indigenous land management practice in the 

study area. It is a land management practice involving grass strips surrounding crop 

fields arranged in a rectangular shape and is unique to the West Usambara Mountains, 

Tanzania (Msita et al., 2010). Apart from filtering sediments from the runoff, the 

grasses grown in miraba construction may be used as animal fodder which is an 
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added advantage. Miraba and associated Guetemala grass have been reported to 

provide good shelter, breeding site and source of food for rodent population 

(Kamugisha et al., 2007). Other indigenous technologies include use of Vernonia 

myriantha and other shrubs (tughutu) along the border of field partitions and trash 

line (Msita, 2013). In the valley bottoms where intensive vegetable and potato 

cultivation is carried out, the land management includes irrigation and addition of 

manure and forest soils (Kimaro et al., 2014). Land use and human activities in the 

valley bottoms have led to pronounced development of fertile anthropogenic soils 

which support land use patterns that are potential habitats for rodents and fleas 

(Kimaro et al., 2014). Anthropogenic soils are surface soil layers (horizons) found 

where people have practiced agriculture for a long period of time. 

 

Plague epizootics, the periods when humans are at great risk of being exposed to 

infected fleas, are dependent on critical thresholds of rodent hosts and vector fleas 

(MacMillan et al., 2011). That is, as host abundance and flea infestation rates 

increase, so does the probability of epizootic activity (Gage and Kosoy, 2005; 

Kilonzo et al., 2005; Laudisoit, 2009; MacMillan et al., 2011). According to 

Randolph et al. (2010), the risk of human infection of vector borne zoonosis varies 

not only with the abundance of infected vectors, but also with the amount of human 

exposure to that hazard, either one of which may change independently. Human risk 

for exposure to plague has been associated with behaviours that increase the 

probability of contact with infectious fleas or practices that increase the availability of 

food or harbourage for rodents for example agricultural crops and fallows 

(MacMillan et al., 2011).  
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Human movement is critical in exposure risks but understudied behavioral 

component underlying the transmission dynamics of many vector-borne pathogens 

(Stoddard et al., 2009). For example, according to Eidson et al. (1988), specific 

(seasonal) outdoor human activities like hunting, farming and mining can increase the 

risk of the plague infection. According to Zimba et al. (2011), humans get infected 

with the causative agent of plague when they enter zones with infected wild rodents 

through activities such as cultivation and hunting. Also, socio-cultural and economic 

factors have been reported to influence the incidence of plague in families and within 

the community in the study area (Ziwa et al., 2013). Females and children (reported 

to have high prevalence than adult men) are actively involved in production activities 

such as collecting firewood from the nearby forests, forest soils, farming and grazing 

livestock (Davis et al., 2006; Kamugisha et al., 2007; Kimaro et al., 2014). 

 

1.4   Use of remote sensing and Geographic Information System technologies in 

health studies (geoepidemiology) 

Remote sensing and GIS techniques have been widely applied in various health 

studies in order to understand landscape system complexities in relation to vector 

borne diseases including malaria (Ceccato et al., 2005), dengue (Palaniyandi, 2012) 

and plague (Eisen et al., 2010; McMillan et al., 2011; Eisen et al., 2012). There are 

numerous satellite-based remote-sensing systems that have been used to monitor 

environmental conditions with respect to health and these systems vary in spatial 

resolution (Ratmanov et al., 2013). The spatial resolution is commonly measured by 

the picture element (pixel) resolution which provides information about the level of  

spatial detail that can be interpreted.  
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Presently, high-resolution systems are of increasing interest in disease studies 

(Ostfeld et al., 2005). However, satellite images with high spatial resolutions are very 

expensive hence slowing progress in advancing the technology in unravelling 

geographic health related problems to humans. This has prohibited their wide usage 

(Zhang et al., 2013) particularly in Africa (Tanser and Sueur, 2002). Consequently, 

despite their importance, there are very few research undertakings involving remote 

sensing and GIS, which have studied plague in East Africa, the disease that has 

affected many lives in the region. For example, in Tanzania, only few studies have 

applied remote sensing and GIS techniques to explain the recurrence of plague 

disease in Western Usambara Mountains (Debien et al., 2010; Neerinckx et al., 

2010). Even these few reported studies used coarse resolution remotely sensed data 

and were exploratory in nature (Debien et al., 2010; Neerinckx et al., 2010; Eisen et 

al., 2010; MacMillan et al., 2011). The current study has contributed towards 

elucidation of plague infection risk using remote sensing and GIS coupled with field 

survey techniques. The study intended to demonstrate the use of geospatial approach 

in the integrated analysis of landscape factors to explain plague risks in Western 

Usambara Mountains, Tanzania.  

 

1.5   Justification of the study 

Plague, still occurring in different parts of the world, has been a threat in Western 

Usambara Mountains, Tanzania since 1980. Although a number of studies conducted 

to explain the presence and the recurrence of plague in the Western Usambara 

Mountains, Tanzania have generated some useful information on plague risk related 

to natural and land use factors (Kilonzo et al., 1997; Kamugisha et al., 2007; 
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Makundi et al., 2005; Laudisoit et al., 2007, 2009a, b; Laudisoit, 2009; Debien et al., 

2010; Neerinckx et al., 2010), they fall short of elucidating the spatial variability of 

plague incidence with respect to land cover/use in the landscape and at farm scale. 

The reported studies did not document the specific land use types and land 

management practices associated with small mammal and flea distribution and 

abundance at a fine scale and within a wider geographic coverage which is important 

for delineation of potential risk areas (Eisen et al., 2012).  

 

Small mammals and fleas abundances as well as a number of small mammal and flea 

species have been reported to play a dynamic role in the plague transmission cycle in 

Western Usambara Mountains and elsewhere (Kilonzo et al., 2005; Makundi et al., 

2008; Laudisoit, 2009; Hubbart et al., 2011; Eisen et al., 2012). For example, 

according to Kilonzo et al. (1992), in Lushoto plague focus, Flea indices < 1.0 were 

reported during non-outbreak periods whereas indices > 1.0 were observed during 

plague outbreaks. Despite that, knowledge on the link between land use, land cover 

and terrain attributes with the distribution and abundance of small mammals and fleas 

and the human risks of exposure to plague is still lacking. Hence plague research to 

investigate how land use, land cover and terrain attributes influence presence and 

pattern of small mammals (host) and fleas (vectors) in Western Usambara Mountains 

is of paramount importance given the role of small mammals and fleas in the 

dynamics of plague as reported in many studies in East Africa and elsewhere 

(Kilonzo et al., 1997; Kamugisha et al., 2007; Laudisoit et al., 2007,  2009a, b; 

Hubbart et al., 2011; Eisen et al., 2012). It should be noted that the abundance and 

spatial distribution of small mammals and fleas vary along the different land use and 
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land cover types and landscape units (Vanwambeke et al., 2011). According to 

Arinaminpathy et al. (2009), the risk of exposure to vector-borne diseases including 

plague is influenced by the numbers and distribution of the animal species that make 

up the environmental reservoir of the disease; the numbers and distribution of the 

vectors and the behaviour and activities of humans that influence the probability of 

being bitten by the vector. Available literature suggest that factors influencing the 

critical contact between rodent hosts, flea vectors, and humans as well as human 

behaviours that may enhance or diminish this contact with infectious vectors or hosts 

are not well understood (Kilonzo et al., 1997; Kamugisha et al., 2007; MacMillan et 

al., 2011; Neerinckx et al., 2010).  

 

Hence, a study in a geographic perspective that includes land use and human activity 

pattern dimensions is vital in understanding the human exposure risk, the 

phenomenon which is still not well understood (Kilonzo et al., 1997; Kamugisha et 

al., 2007; Stoddard et al., 2009; Neerinckx et al., 2010). Such kinds of studies are 

important in formulating surveillance, and control mechanisms during epizootic 

periods (Ostfeld et al., 2005; Kamugisha et al., 2007; Makundi et al., 2008). Despite 

the relevance of human activity space for assessing environmental exposure, this 

technique is barely employed in geoepidemiologic studies including plague research 

(Laudisoit, 2009; Neerinckx et al., 2010; Perchoux et al., 2013). Since mobility is 

seen as a key determinant of environmental exposure, incorporation of human activity 

space in the current study allowed taking into account the full range of environments 

people get exposed to during their daily activities (Perchoux et al., 2013). The study 

tried to link human life resources (water, firewood, farming, etc.) to people’s 
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movement in different land cover and landscape settings with the abundance of 

plague hosts and vectors. The human movements leading to the physical contacts 

with landscape factors at farm scale is a likely condition for contagion with the plague 

vectors. Also, the social contacts between villages, sometimes over considerable 

distances and across different landscape units engender other possible pathways of 

contagion. Thus, this study attempted to demonstrate the importance of land 

use/cover and human activity spaces on the plague infection risks. The knowledge 

and information generated from this study is of immediate use by the Ministry of 

Health and Social Welfare, District council, and institutions and agencies responsible 

for disease surveillance, control and rural land management. The results obtained 

from the study could contribute significantly to the Tanzania Health Sector Reform 

Strategy (URT, 2000) which calls for provision of equal access and cost-effective 

quality healthcare close to the family. The study is also in line with the National 

Health Policy (URT, 2003) and Tanzania Health Sector Strategic Plan III 2009-2015 

(URT, 2009). 

 

 

1.6   Objectives 

1.6.1   Overall objective 

The overall objective of this study was to establish a relationship between land 

use/cover and human activity spaces on one hand and plague infection risk on the 

other so as to provide guidance for plague surveillance, prevention and control 

programmes at fine scale during epizootic periods. 
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1.6.2   Specific objectives 

i. To map land cover and terrain attributes and determine their association with  

plague hosts and vectors abundance and distribution at landscape level  

ii. To identify land use and land management practices associated with 

abundance and distribution of plague hosts and vectors at farm level 

iii. To model people’s movements and activities pattern in order to determine 

chances of their exposure to plague in space and time  

 

It was hypothesized that: 

 Land use, land cover and topographic factors impact the distribution and 

abundance of potential hosts (rodents) and vectors (fleas) of plague and 

explain plague infection risks at landscape and farm scales. 

 Different plague incidence levels in Western Usambara Mountains correspond 

to differences in spatial co-occurrence of the potential plague vectors on one 

hand, and people on the other hand. 
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CHAPTER SIX 

 

6.0   GENERAL CONCLUSIONS AND RECOMMENDATIONS 

6.1   Conclusions 

Few studies have focussed on association of land use, human activities pattern, land 

cover and terrain attributes with plague infection, especially in the plague endemic 

area of Western Usambara Mountains, Tanzania. Land use and land cover and 

associated human activities provide the required environment for host and vector 

harbourage and food as well as contagion of vectors and humans. Unlike previous 

studies in the area, the current study integrated many landscape factors that could play 

a role in plague transmission and maintenance (land use, land cover, terrain attributes, 

human movement and activities pattern, hosts, vectors, and historical plague 

incidence rate zoning) so as to gain an insight into the plague infection risks in the 

area. Based on the findings from the current study the following conclusions are 

pertinent: 

 

The study has demonstrated the importance of land use/cover and human activity 

spaces in the study of plague infection risks. The relationship between land cover and 

terrain attributes on one hand and small mammals and fleas as potential hosts and 

vectors of plague on the other, has been well elaborated by remote sensing and GIS 

integration of geodatabase at different spatial scales and resolutions. Increasing slope 

gradient which is associated with increased miraba land management density has 

strong positive influence on flea abundance. Furthermore altitude appeared to have a 

positive influence on small mammal abundance due to increased availability of food 
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and water. Areas with high altitudes have been identified in earlier studies to be at 

highest risks of plague infection in Eastern Africa. It has clearly been revealed by the 

study that a geomatic approach using remote sensing data and GIS technologies is 

valuable in studying plague infection risks. 

 

The geodataset derived from the satellite data including land cover/use and Digital 

Elevation Model (DEM) derivatives integrated in the expert GIS engine are important 

and provide a springboard for future analyses in association with plague risk 

indicators such as climate and human behaviour variables. This augurs well for 

plague surveillance and awareness creation among communities on the probable risks 

associated with various land cover and topographical factors if contacted by humans 

especially during epizootic periods. 

 

The study has demonstrated further that small mammal abundance and distribution is 

strongly influenced by the specific land use types. It has been shown that some land 

use types have strong positive effect on small mammal abundance whereas others 

have strong negative effect. Miraba and fallow were the most important land use 

types influencing small mammal abundance and distribution and had a strong positive 

effect during the dry season. Land tillage which takes place during the dry season had 

a negative effect. In the wet season, maize and potato crops appeared to have a direct 

and positive influence on small mammal abundance because these crops provide both 

food and shelter for small mammals. On the other hand plantation forest with crop 

farming, natural forest and fallow seemed to favour higher populations of small 

mammals than the other aggregated land use types. Presence of small mammals in 
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different land use types can influence abundance of fleas. The findings suggest that 

land use factors have a major influence on rodent flea abundance which can be taken 

as a proxy for plague infection risk. Fallow was a very important land use type 

influencing flea abundance and distribution and had a positive effect. On the other 

hand land tillage which takes place during the dry season had a negative effect on flea 

abundance.  

 

Findings from this study seem to suggest that in order to reduce the risk of outdoor 

flea bite there is a need of clearing the surroundings of homesteads and avoiding long 

fallow cycles. While reduction of length of fallow cycles to minimize both host and 

vector populations would seem appropriate under such circumstances, a compromise 

has to be struck between plague risk avoidance and environmental conservation in 

terms of erosion control. This suggests that conserving and managing a multi-

functional landscape will require knowledge of the tradeoffs and synergies among 

ecosystem services and adaptive management to respond to unforeseen consequences 

resulting from land use decisions. 

 

The study has demonstrated further that the spatial co-occurrence of a potential 

disease vector and humans differs significantly among the plague incidence landscape 

areas and follows the established plague incidence gradient of high, medium and low 

for both dry and wet seasons. This shows that the distribution and concentration of 

rodent fleas and human activities pattern overlap differently in each plague incidence 

landscape in space and time. These findings reveal the risks of environmental 

exposure which reflects the plague infection risks during epidemics. The fact that 
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rodent fleas were found in abundance in environments where humans and rodent fleas 

are likely to get in contact, and since all rodent fleas collected in both seasons are 

capable of transmitting Yersinia pestis, it is obvious that such environments are 

potential risks for plague infection that can occur during epizootics. The observed 

spatial co-occurrence trend of a potential disease vector and humans among the 

studied landscapes gives a coarse indication of the possible association between 

plague outbreaks and the human frequencies of contacting environments with fleas.  

 

The findings from this study are of public health relevance because they provide 

possibilities to guide plague surveillance, prevention and control programmes at fine 

scales by providing information to health workers to focus control measures on land 

use/cover and landscape units with high concentration of rodent fleas, especially 

during epizootic periods. This is important in targeting the country’s limited 

resources for plague surveillance, prevention and control programmes. 

 

Systematic trapping of small mammals and collection of rodent fleas for surveillance 

should spatially target miraba, fallow land, plantation forest with farming, natural 

forest and woodlot. These land use/cover and land management types provide a 

conducive environment for increased concentration of potential plague hosts (small 

mammals) and vectors (fleas) as identified in the current study.  

 

6.2   Recommendations 

The following recommendations are made in the light of gaps revealed from the 

findings of this study so as to provide further insights into the plague disease. 
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Land management practices including tillage of land and crop types and the 

associated human activities should be included in the general scheme of plague 

control and management.   

 

Future efforts to predict and map spatial and temporal human plague infection risk at 

farm scale should consider the role played by land use on small mammals and rodent 

fleas abundance and distribution. 

 

The study suggests that plague surveillance and control programmes at landscape 

scale should consider the existence of plague vector contagion risk gradient from high 

to low incidence landscapes due to human presence and intensity of activities. 

 

Further studies should be conducted to investigate how land use practices influence 

surface and subsurface microclimate conditions of various small mammals and flea 

species. This is because rodent fleas are ectoparasites which tend to inhabit both small 

mammals (hosts) and off-host environment and hence the need for additional 

investigation on how land use practices affects microclimate conditions for fleas 

living on and momentarily off host.  

 

Outdoor application of insecticides to control flea abundance has been found to be an 

effective measure against plague. However, further studies on timing of applications 

during epizootics vis-à-vis crop type should be considered. 


