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Abstract  

Background: Nontuberculous mycobacteria (NTM) are emerging opportunistic pathogens 

whose role in human and animal disease is increasingly being recognized. Major concerns are 

their role as opportunistic pathogens in HIV/AIDS infections. The role of open natural water 

sources as source and livestock/wildlife as reservoirs of infections to man are well 

documented. This presents a health challenge to the pastoral systems in Africa that rely 

mostly on open natural water sources to meet livestock and human needs. Recent study in the 

pastoral areas of Uganda showed infections with same genotypes of NTM in pastoralists and 

their livestock. The aim of this study was to determine the environmental, animal husbandry 

and socio-demographic factors associated with occurrence and the pastoral community 

knowledge of mycobacterial infections at the human-environment-livestock/wildlife interface 

(HELI) areas in pastoral ecosystems of Uganda.  

Methods: Two hundred and fifty three (253) individuals were subjected to a questionnaire 

survey across the study districts of Nakasongola and Mubende. Data were analyzed using 

descriptive statistics and multivariable logistic regression analysis. 

Results: Humans sharing of the water sources with wild animals from the forest compared to 

savannah ecosystem (OR =3.3), the tribe of herding pastoral community (OR =7.9), number 

of rooms present in household (3-5 vs. 1-2 rooms) (OR=3.3) were the socio- demographic 

factors that influenced the level of knowledge on mycobacterial infections among the pastoral 

communities. Tribe (OR=6.4), use of spring vs. stream water for domestic use (OR=4.5), 

presence of sediments in household water receptacle (OR=2.32), non separation of water 

containers for drinking and domestic use (OR=2.46), sharing of drinking water sources with 

wild animals (OR=2.1), duration of involvement of >5yrs in cattle keeping (OR=3.7) and 

distance of household to animal night shelters (>20 meters) (OR=3.8) were significant socio- 
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demographic factors associated with the risk of occurrence of mycobacterioses among the 

pastoral communities in Uganda. 

Conclusion: The socio-demographic, environmental and household related factors influence 

the risk of occurrence as well as pastoralists’ knowledge of mycobacterial infections in the 

pastoral households at the human-environment-livestock/wildlife pastoral interface areas of 

Uganda. 
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Background  

Nontuberculous mycobacteria (NTM) are emerging opportunistic pathogens whose role in 

human and animal disease is increasingly being recognized [1, 2]. In the last few decades, the 

incidence of classical tuberculosis (TB) in man has been on the increase alongside 

tuberculosis-like disease caused by NTMs [3]. Currently, the major concern is their increasing 

role as opportunistic pathogens in HIV/AIDS infections and potent immunosuppressive 

therapies [4]. The apparent increase in the frequency of isolation of NTM’s from clinical 

specimens and the mounting evidence of their involvement in severe pulmonary diseases in 

man is generating lots of research interest, in as far as the accurate diagnosis and treatment of 

classical tuberculosis are concerned [3, 5].  

 

The health impacts of human-mycobacterial interactions are far complex and likely much 

broader than currently recognized [1]. The role of the environment (open water sources) as 

source and livestock/wildlife as reservoirs of infections to man are well documented [1, 2, 6]. 

This presents a special health challenge to the pastoral systems in Africa that rely mostly on 

open natural water sources to meet livestock and human needs.  The high interaction at the 

human-environment-livestock-wildlife interface (HELI) provides an opportunity for the 

increased contamination of the natural water sources and the transmission of NTMS to 

livestock and humans. Reports from developing countries show NTM incidence rates varying 

between 2–20% [5]. 

 

Pastoral communities in Uganda occupy the semi arid cattle corridor that extends diagonally 

from the pastoral Ankole in the south west through central Uganda to the Karamoja region in 

the North East [7]. These semi-arid pastoral areas in general suffer from poor quality pastures 
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and seasonal water availability [8]. In these areas, valley dams and valley tanks are the major 

sources of water for humans, domestic and wild animals. The sharing of these stagnant and 

other natural water sources by pastoral communities with livestock and wildlife presents 

another dimension in the epidemiology of NTMs in this high risk group. Water is considered 

the primary source of Mycobacterium avium complex (MAC) infections in humans, while 

domestic and wild animals may be reservoirs [9].  

 

A ‘one health approach’ study conducted in the pastoral areas of Karamoja in Uganda 

involving isolation and characterization of mycobacteria from lymph nodes from humans 

(cervical lymphadenitis patients) and their livestock, found NTMs as important causes of 

morbidity[10][11]. Isolation and characterization of mycobacteria causing cervical 

lymphadenitis in pastoral communities in Karamoja region showed that 51% of the cases 

were caused by NTMs, of which the Mycobacterium avium–intracellulare Complex (MAC) 

accounted for 55 percent [11]. While a parallel study of 61 tuberculous lesions from slaughter 

cattle  in the same region yielded 37 isolates of which NTM accounted for 48.6% (18/37) 

[10]. It is well known that direct animal to human transmission of NTM is of less significance 

in the epidemiology of NTMs. Therefore, the occurrence of infections by same agents in both 

pastoral cattle and communities was strongly suggestive of the primary role of environment.  

To address the problem of NTM infections in HELI areas in the pastoral systems, it  requires 

broader approaches of ‘Ecosystem health’ that considers studying all the three components 

simultaneously. The ‘Ecosystem health’ approach is justified because; the incremental 

knowledge generated is higher compared to three separated human, animal and environment 

health studies.   

The aim of this study was to determine the environmental, animal husbandry and socio-

demographic factors associated with occurrence and the pastoral community knowledge of 
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mycobacterial infections at the human-environment-livestock/wildlife interface areas in 

pastoral areas of Uganda.  

Methods 

Study area  

The study was conducted in Nakasongola and Mubende districts of Uganda. Both districts are 

located in the cattle corridor in central Uganda (Figure 1). Mubende district (altitude-1323m) 

is located at latitude 0º35’ 21N s and longitude 31º21’ 36E while Nakasongola district 

(altitude -1,079 m) is located at latitude 1º18’ 32N and longitude 32º27’ 23E. Nakasongola is 

one of the cattle corridor districts that suffers from persistent droughts [12]. Likewise, 

Nakasongola district was selected based on a high number of pastoral cattle population and 

the results from a previous study [10], in which mycobacteria outside the M. tuberculosis 

complex (MOTT) was found high in lymph nodes of slaughter cattle originating from there. 

Mubende, a district with high level of disease, poverty and limited clean water sources was 

chosen for comparative purposes [13]. Kiyuni and Madudu sub-counties in Mubende district 

and Nabiswera and Lwampanga sub-counties in Nakasongola were selected mainly based on 

similarities and relevance of their ecosystems to the purpose of the study such as existence of 

shared water sources, high degree of interaction between human-domestic animal and 

wildlife, as well as status of social service delivery system. In these areas, livestock, wildlife 

and communities often share water from valley dams, valley tanks, seasonal ponds and 

streams.  

Sample size determination  

Sample size determination was based on previous studies on prevalence, mortality associated 

with tuberculosis in HIV infected patients in rural Uganda [14]. It was also based on the  high 

level of non tuberculous mycobacteria (NTM) causing caseous lymphadenitis in pastoral 
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communities in Karamoja region of Uganda [11]. The two studies showed the tuberculosis 

prevalence of 2-7% (mean=4.5%). Based on the district state of environment National 

Environment Management Authority (NEMA), the population in the above four sub-counties 

was estimated to be 43,000[12, 13]. Based upon the simple assumption that an absolute 

minimum of 10 individuals with TB in the study population, we opted for 250  as a necessary 

minimum sample size , enabling also a reliable comparison between population factors at a 

prevalence of 10-20 % Ausvet Epitools [15]. With the existing logistics, facilities and 

specified time period, a total of 253 study individuals from households in the study areas were 

interviewed. 

Study design and sampling strategy  

The primary sampling units was sub-county, while the ultimate sampling unit was village. 

Selection of household from list of households generated in collaboration with the community 

local leaders’ in the respective sub-counties was based on systematic approach. A total of 253 

individuals, each a proxy for a household, were selected based on their social role in the 

household and participation in the local community affairs. Those individuals/households not 

considered in this study were reserved for Focus Group Discussions (FGD) and community 

discussion group participation in the study. 

Case definition 

Assessment of occurrence:  

Definition of TB patient cases as an outcome variable for TB and other mycobacterial 

infections status was based on retrospective health record of the interviewee or individuals in 

his/her household in the last 10 years. Once a previous TB patient was identified, permission 

was sought from both the said individual and the health centre that managed their case, for 

access to the records of confirmed diagnosis. Confirmed diagnosis of individual with 
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tuberculosis was based on positive sputum smears on Ziehl-Nielsen stain (ZN+) and chest X-

ray, while for mycobacterial caseous lymphadenitis, on biopsies positive on ZN stain. No 

culturing was done in these health facilities. 

Assessment of degree of knowledge on mycobacterial infections among the pastoral 

community:  

During the interviewing exercise, the following aspects were assessed: 1) Definition of 

tuberculosis or any mycobacterial infections 2) Causes 3) Symptoms 4) Modes of 

transmission and 5) Prevention or control measures employed in tuberculosis or any 

mycobacterial infections. The ability of the respondent to clearly mention in local language or 

English, any of the aspects above would qualify the respondent as more knowledgeable: On 

the other hand, failure to mention any of the aspects above would categorize the respondent as 

less knowledgeable.  

 

Possible source of bias and the way handled 

A trained interviewer administered a standardized questionnaire to each study participant in 

the local languages (Runyankore, Ruruli, Runyoro or Luganda). Using the designed and 

pretested questionnaire as a tool for data collection, standardization across all the study 

districts was done, by translating and re-translating the questionnaire from English to local 

languages and back to English. This allowed standardization of responses across all different 

ethnic groups involved in the study. Secondly, recruitment of two well-oriented medical 

research assistants in order to ensure over all technical supervision, correct filling of the 

questionnaire forms and appropriate data compilation and entry was done. A trained 

interviewer administered a questionnaire during the interviews to capture outcomes of interest 

–i.e. the knowledge and occurrence of mycobacterial infections. 
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Socio-demographic information relevant to the study purpose, as well as, contacts with 

animals, water sources and associated factors such as water availability, locations, and 

distances from household to water sources and sharing of water sources with domestic and 

wild animals were captured from the respondents.  

At household level, information on the quality of dwelling housing in terms of construction 

details, availability of rooms and ventilation (windows), and the average occupancy per room 

was captured. Methods employed by the community in management of clinical or overt 

mycobacterial infections were also documented. Location of and access to health services 

including both public and private health services were recorded. Environmental soils were 

collected from cattle night enclosures (kraals) and places where pigs are tethered or housed 

near homesteads for mycobacterial analysis. In addition, a water source used by the household 

for collection of drinking and domestic use was collected. The type, frequency of cleaning 

and replenishment of the household water receptacles was recorded. Water from the bottom of 

the household containers was also sampled. Collected samples were appropriately packaged, 

labelled, stored at -79 °C. The samples were submitted to the laboratory at the National 

Veterinary Institute, Oslo, Norway for culturing, identification and characterization of the 

isolates. Results from the biological samples will be presented in a subsequent paper. 

 

Data analysis  

Statistical analysis was carried out using Stata version 10/ SE for windows (StataCorp, 

College Station, TX). Summary statistics of the explanatory variables with respect to 

community’s knowledge and occurrence of mycobacterial infections were carried out using 

the tab command of Stata. The outcomes of interest were: a)
 

the medical history of 

tuberculosis and other related mycobacterial infections by isolation of mycobacteria in the 
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cervical lymph nodes and presence of a unilateral single or multiple painless lumps, mostly 

located in posterior cervical or supra-clavicular region in any member of household or 

community, b)
 
community knowledge about the mycobacterial infection.  

The proportion of the respondents with outcome of interest was estimated using survey 

commands and descriptive statistics in Stata. Table 1 shows exposure variables that were 

considered for the initial screening, those with p≤0.25 in univariable analyses which were 

considered for inclusion in the final model. The final multivariable logistic regression model 

was built with backward elimination procedures [16]. The validity of the models in explaining 

usefulness of the explanatory variables and in predicting the outcome variables was assessed 

using Hosmer-Lemeshow goodness-of-fit test, Receiver Operating Characteristic curve(ROC) 

and  test property statistics (sensitivity and specificity).  

 

Ethical approval  

Scientific and ethical clearance to conduct this study was obtained from the Uganda National 

Council for Science and Technology (UNCST). The study was reviewed by the research 

ethics committee and found to be scientifically and ethically satisfactorily and it was 

approved with a reference: H337.
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Table1. Environmental, animal husbandry, household and socio-demographic factors 

associated with occurrence of and respondent’s knowledge on mycobacterial infections 

among the pastoral communities in the districts of Nakasongola and Mubende, Uganda. 

 

Exposure variable Levels 

District Nakasongola and Mubende 

Subcounty Kiyuni,Madudu,Nabiswera and 

Lwampanga 

Sex Male, Female 

Tribe  Baganda,Banyoro,Bakiga,Baruli,Ban

yankole and Basoga  

Marital status  Married, Single, Divorced  

Family sizes  <10, 10-20 and 20-30 persons  

Occupation  Pastoralist, Peasant, Hunter, Business 

man, Herdsman 

Role in cattle or any animal management None, Herding, Milking, Watering  

Source of drinking water Stream, Borehole, Valley dam, Pond, 

Spring 

Source of water for domestic use Stream, Borehole, Valley dam, Pond, 

Spring 

Receptacle for storing water for daily use Clay, Gourd, Plastic, Pond, Spring 

Sharing water sources with other animals  Yes/ No 

Occurrence of wildlife at the water source. Yes/  No 

 The type of Wildlife -water source.  No recall, Monkey, Rabbits  

Use of separate receptacle in drinking and domestic water 

storage. 

Yes/ No 

Presence of the sediment in the domestic water receptacle Absent, Always, Sometimes. 

Frequency of cleaning the container  Daily, twice a week, once week 

Water related human diseases Diarrhoea, Cough, Worms, Malaria  

Average number of rooms present in household 1 -2, 3-5 and > 6 rooms  

Average number of windows  0, 1-2, 3-5 and >6 windows  

Number of people sleeping together in a single room 1-3, 3-5 and 6-9 people 

The period drinking water lasts in the container  A few hours,  1-3 days  

Keeping animals in the human shelter at night  Yes/ No  

Diagnosis of TB adenitis and other mycobacterioses  Not diagnosed,  Diagnosed  

 Diagnosis and treatment done following TB illness Yes/ No 

Heard/seen signs of adenitis Yes/No  

Site of adenitis noticed in the patient within the family or 

community  

No recall, Cervical, Inguinal  
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Results 

The multivariable logistic regression analysis showing the influence of socio-demographic, 

environmental and household related factors on community’s knowledge on the 

mycobacterial infections among pastoralists is presented in table 2. Assessment of model fit to 

observed data showed insignificant difference between the observed and predicted values (HL 

(χ
2
) =4.98; P=0.76). Likewise, the ability of the model to reasonably predict community 

knowledge about mycobacterial diseases is highly reliable (ROC = 0.93).  

The Banyankole pastoral communities showed a high level of knowledge about mycobacterial 

infections relative to the Baganda tribe (OR =7.9). The majority of the respondents perceived 

that presence of forest wild animals and night overcrowding of people sleeping in windowless 

rooms as risk factors (OR=3.3) for acquiring infections among the pastoral communities. 

Pastoralists were found to associate mycobacterial infections with water contamination from 

animals of forest ecosystem than savannah group of wildlife animals (Table 2). Pastoralists 

who didn’t share water sources for drinking and domestic purposes with animals were equally 

less knowledgeable of mycobacterial infections. According to the respondents, the forest 

ecosystem includes wild birds, wild pigs, monkeys and other primates. The savannah 

ecosystem animals include the ruminant group such as the antelope family.  

The influence of socio-demographic, environmental and household related factors on the 

occurrence of tuberculosis and other mycobacterial infections among pastoralists is presented 

in table 3. Basoga pastoralists were at higher risks for acquiring mycobacterial infection 

(OR=6.4) compared to Baganda. Pastoralists using open sources of water (stationary water) 

were much more likely to report mycobacterial infections than those getting water from 

streams (flowing water). Presence of sediments in domestic household water containers was 

not linked directly to mycobacterial infections. Shared water collection points (Water used for 
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other purposes e.g. drinking, for animals etc), was highly linked to an increase in the risk of 

acquiring mycobacterial infections. Rearing of cattle and other animals over a long period of 

time and absence of wild animals at water sources reduced exposure of humans to 

mycobacterial infections. 

Results also showed that pastoral household members residing in close proximity (< 20 

meters) to cattle night enclosures or pig tethering area were at higher risk (OR=3.8) of 

acquiring mycobacterial infection than those living at greater distances. Evaluation of model 

fit to the data, showed its high validity (HL (χ
2
) = 7.85; P=0.25). The reliability of the model 

to predict the presence of mycobacterioses was relatively high (ROC= 0.74)  
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Discussion 

To our knowledge, this is the first study focusing on the level of knowledge and occurrence of 

mycobacterial infections in the human- environment - livestock/wildlife interface among the 

central Ugandan pastoral communities. The study explored the relationship between humans 

sharing the limited water sources with animals (both domestic and wild). Findings from this 

study reveal tribe as one of the socio-demographic determinants that play a significant role in 

both outcomes of this study. The Banyankole had a high degree of knowledge about 

mycobacterial infections compared to any other tribe in the study areas. The reason for this is 

not fully understood, however the Banyankole pastoral communities have kept animals for a 

longer time than Baganda communities [17]. It is noted that the Banyankole tribe has 

predominantly occupied the cattle corridor districts which are arid and semi-arid areas of 

Uganda characterised by extremely difficult weather and scarce water sources[18, 19]. It is 

likely that their bitter experience with zoonoses acquired from their cattle over the years have 

given them the opportunity to learn the causes, spread mechanisms, prevention and control 

strategies of mycobacterial infections. Most of the Basoga communities occupy the agro-

pastoral setting with few heads of cattle and other livestock. Lack of experience and being 

new in the pastoral farming system is likely to be one of the contributory factors to what was 

observed in the study.  

This study showed that the pastoral communities were knowledgeable of effects of 

overcrowding of people in sleeping rooms. While the mechanisms of mycobacterial disease 

spread are known [20], social distances and degree of organisation are known to influence 

contacts thus increasing the distribution and transmission tuberculosis and other 

mycobacterioses within a population [21]. Overcrowding in poorly ventilated rooms, poor 

sanitation and absence of or distant located health care which are common findings in pastoral 
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rural populations and are known drivers in the spread of mycobacterial infections in 

developing countries [22, 23].  

It is important to notice that wild animal tuberculosis represents a permanent reservoir of 

infections and poses a serious threat to control and elimination programs [24],while 

contaminated water sources provide the foci of mycobacterial infections in the humans and 

animals [9, 25]. This greatly increases the risk of mycobacterial infections in the susceptible 

species across humans, wild and domestic animal populations. The natural water sources 

support the formation of M. avium and M. intracellulare in biofilms [26, 27]. This leads to the 

persistence of mycobacteria in the aquatic environment  

The study revealed that humans extensively share open water and the only available water 

resources mainly during drought with domestic and wild animals (wild boar, birds, monkeys, 

baboons, and antelopes). Therefore, there is an increased risk of NTM transmission between 

wild animals and the pastoral communities. These pastoralists concerns about mycobacterial 

transmission tied up with findings of  M. tuberculosis transmission between humans and 

elephants [28]. Similar roles of wildlife in the epidemiology mycobacterial infection have also 

been reported in wild boar, seals, rhinoceros, and elk among the wild animals [29-32,33].  

The presence of sediments in domestic water receptacles was not associated with occurrence 

of mycobacterial infections in households. Contrary to this, sediments are known to provide 

foundation for bio-film formation [27]. However, sediments in this study were closely linked 

to fast moving or turbulent stream water; a source we earlier stated had less epidemiological 

role in household infections with mycobacteria. Sharing of receptacles for water storage 

(drinking and other uses) was closely associated with occurrence of mycobacterioses. 

Although direct relationship between this practice and infection can not be explained by this 

study alone, we believe that this practice is a proxy for socioeconomic status of the 

households involved, that the poor families could not afford receptacles to keep drinking 
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water safe and separate from water used for other activities. Besides, these households were 

also identified as obtaining water from risky sources.  

Furthermore, the study revealed that compared to the pastoralists who herded animals for a 

shorter period of time, the time taken in herding was key in the occurrence of mycobacterial 

infections in pastoral communities. There is a high likelihood of acquiring immunity in 

individuals with longer exposure to mycobacterioses. Individuals with prior exposure to 

mycobacterial antigens present these antigens to the T- lymphocytes which helps in the 

development of a strong immune response among people who have herded animals over a 

longer period of time [34].  

Under the pastoral setting, cattle are an integral part of human social life [24]. Cattle 

enclosures are also located very close to human dwellings to deter livestock theft. Results 

indicate that pastoralist constructing animal enclosures close to their homesteads had an 

increased risk or history of mycobacterial infections.  In addition, across all the pastoral 

tribes, there was an inverse relationship between distance of the location of the kraal or any 

other animal shelter from the homesteads and the history or risk of acquiring mycobacterial 

infections in households. This inverse relationship is likely to be associated with the aerosol 

spread of the pathogens causing tuberculosis from the domestic animals to humans [24, 34]. 

According to the evidence presented in [35], cattle to human aerosol transmission of 

Mycobacterium bovis rarely occur. Besides, high occupational risk exposed individuals have 

been confirmed in other developing African countries e.g. Burkina Faso [36].   
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Conclusions 

This study has shown that the level of knowledge and degree of occurrence of mycobacterial 

infections among the pastoral communities is greatly influenced by socio-demographical 

factors, environmental, intra and extra household factors. The study has further indicated that 

there is a close interaction between and within species that aid the transmission of 

mycobacterial infections across the humans, animals and the environment.  

Overall, the socio-demographic, environmental and household related factors influence 

pastoralist’s knowledge as well as risk of occurrence of mycobacterial infections in the 

pastoral households at the human-environment-livestock/ wildlife pastoral interface areas of 

Uganda. 
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Figure legend 

 
 Figure 1. Map of Uganda Showing the locations of the Study districts 
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Table 2: Multivariable logistic regression analysis of socio- demographic factors that 

associated with the level of knowledge on mycobacterial infections among the pastoral 

communities in the districts of Nakasongola and Mubende, Uganda. 

Risk factor  Level  

Odds Ratio 95% 

[CI] P-value 

Tribe  Banyankole vs. Baganda  7.9 [1.5-42.4] 0.016 

The type of wildlife
a 
seen at 

the water source.  

Forest ecosystem vs. Savannah.  0.3 [0.1-0.7] 0.008 

The number of rooms present 

in household  

3-5 vs. 1-2 rooms per house.  3.3 [1.2-9.1] 0.021 

a
 comparison of wildlife from savannah and forest ecosystems. 
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Table 3. Multivariable logistic regression analysis showing the association between socio- 

demographic factors and occurrence of mycobacterioses among the pastoral communities in 

the districts of Nakasongola and Mubende, Uganda.  

Risk factor  Level  

Odds Ratio 

[95% CI] P-value 

Tribe   Basoga vs. Baganda  6.4[1.56-26.4 ] 0.01 

The source of water for use in 

households  

Spring
y
 vs. Stream

z
 4.5[ 1.7-11.9] 0.002 

Presence of sediment in the water 

container.  

Yes vs.  No.  0.43[0.24-0.79] 0.006 

Separation of water containers for 

drinking and domestic uses.  

Yes vs.  No.  2.46[1.3-4.4 ] 0.004 

Sharing of water sources with wild 

animals.  

Yes vs.  No.  0.47[0.25-0.9 ] 0.024 

Duration of involvement in rearing 

cattle and other cattle related activities.  

> 5yrs vs. <5 yrs  0.27[0.089-0.8 ] 0.021 

Distance of Kraal/ animal shelter from 

the household  

>20 meters vs. < 20 m  3.8[1.14-12.5 ] 0.029 

 

y
 means stagnant water sources. The valley dams and tanks are constituted in similar process. 

z 
means flowing or stream water. Streams water flows continuously. 
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