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Abstract

Brucellosis is a priority zoonotic disease in Tanzania that causes ill-health in people and

affects livestock productivity. Inadequate awareness and behavior risking transmission can

impede control efforts. We conducted a cross-sectional survey of 333 livestock owners in

three villages in the Kilombero district, Tanzania, to understand their awareness, knowledge

and behavior associated with brucellosis. Six Focus Group Discussions (FGDs), two in

each village, were conducted, as well as an additional FGD with male herders from one of

the villages. Factors associated with knowledge on brucellosis, food consumption and ani-

mal husbandry behavior risking transmission of this disease, were identified using general-

ized linear models. Predictors for knowledge of brucellosis were being male and having a

higher educational level, while age was positively associated with a higher level of knowl-

edge. Faith and ethnicity were associated with the performance of practices risking trans-

mission. Following traditional religion and belonging to the Wamaasai ethnicity significantly

increased the odds of carrying out these practices. Qualitative analysis gave insight into risk

practices and reasoning. Of the 333 respondents, 29% reported that they had experienced

abortions in their herds, 14% witnessed retained placentas, and 8% had seen still-births in

their cattle within the previous year. However, survey results also showed that only 7.2% of

participants had heard about brucellosis as a disease in livestock. Of those who had heard

about brucellosis in livestock, 91% associated abortions with it and 71% knew that humans

can get infected through raw milk consumption. People overwhelmingly attributed symp-

toms and transmission of brucellosis in livestock to infection with trypanosomiasis and to

supernatural reasons instead. In the community, consumption of raw milk was valued and

handling of aborted material was not considered a risk for infection. This agro-pastoralist

community holds on to long-held beliefs and practices and lacks understanding of the bio-

medical concept of brucellosis. Transmission routes and symptoms of brucellosis in humans

and livestock are completely unknown. The disparity between risk perception and actual
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transmission risk related to animal handling and consumption of animal products presents a

challenge for disease awareness communication. This study recommends focused commu-

nity engagement and sensitization to address the limited awareness and misconceptions

among agro-pastoralists.

Author summary

Brucellosis is a zoonotic disease, causing abortion, retained placenta, infertility and

reduced milk production in livestock and wildlife. In humans it leads to a febrile-like ill-

ness with headaches, joint pains, weight loss and arthritis. Approximately 500,000 people

are diagnosed with brucellosis each year, mainly in sub-Saharan Africa. Risk factors for

transmission are handling aborted material, residing with livestock and consuming raw

milk and blood. Due to the cultural attachment that agro-pastoralists have with their live-

stock, they are most affected and it is a challenging disease to control. We conducted a

study with agro-pastoralists in three villages, neighboring wildlife conservation areas, in

south-central Tanzania. The majority of those interviewed did not know about brucellosis,

its symptoms and risk factors for people and livestock. Symptoms associated with brucel-

losis infection in animals are recognized but are attributed to the disease trypanosomiasis

and to supernatural reasons instead. Age, education and gender, as well as religious orien-

tation and ethnicity were factors associated with knowledge and following risky practices.

Behavior like consuming raw milk and blood, handling aborted material and co-habiting

with livestock are considered an important part of life. We therefore suggest to policy

makers, researchers and public health workers to engage with local communities and

respond to their questions and concerns so that culturally and contextually relevant solu-

tions are developed to control this disease.

Introduction

Brucellosis is a serious bacterial disease, transmitted from livestock to humans through direct

contact with animal birth or abortion materials or via the consumption of raw milk, meat or

blood [1, 2]. As a neglected zoonotic disease, it is endemic in sub-Saharan Africa, Asia, parts of

Europe and Latin America and is responsible for up to 500,000 human cases each year [3, 4]. It

presents as a non-specific febrile illness in humans, commonly including body aches and head-

ache, but can become chronic and cause more severe illnesses [5]. In livestock, brucellosis

leads to serious economic production losses estimated at 6–10% of income per animal [6]. It

also leads to low fertility and decreased milk production due to abortions causing lactating ani-

mals to produce up to 25% less milk [6]. The Brucella species, B. melitensis, which has the high-

est pathogenicity and infectiousness, and B. abortus, have been identified as the cause for most

human cases [4]. Human behavior, such as handling livestock birth material and consuming

raw animal products, has a fundamental role in the transmission of brucellosis to people [7].

Brucellosis in humans can also be acquired via direct contact with infected animals through

skin abrasions or inhalation of infected aerosols [3, 4, 7].

Studies in sub-Saharan Africa observed that the highest incidence of brucellosis in both

humans and livestock is often found in agro-pastoral systems due to the communities’ atti-

tudes and practices related to food consumption and animal handling [8, 9]. Several studies

demonstrated the importance of assessing social and cultural understandings of risk [10, 11],

as perceptions and attitudes were found to play a role in determining whether people take
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preventive actions against brucellosis [10]. In different parts of Africa it was demonstrated,

that there is poor and varying knowledge regarding the causes, symptoms and risk factors of

brucellosis in both livestock and humans [12, 13].

In Tanzania, brucellosis prevention and control in humans and livestock has been priori-

tized, especially in agro-pastoral systems [14]. A high prevalence of infection ranging from

1–30% in livestock and 0.7–48.4% in humans has been reported from various regions [15–17].

This is partly due to entrenched practices related to the consumption of raw animal products

and livestock handling, as well as due to difficulties in the implementation of control measures

[16, 17]. There are numerous studies that have focused on the epidemiological aspects of bru-

cellosis in Tanzania, but the resulting control efforts have not yet been successful. While bru-

cellosis control strategies including test and slaughter and vaccination are working in

developed countries, this is not the case in Sub-Saharan Africa [18]. It has been acknowledged

that this is partly due to a lack of in-depth understanding of the cultural and contextual reasons

that govern local attitudes and behaviors related to livestock handling and consumption of ani-

mal sourced foods [5, 19]. This understanding by affected communities and their cooperation

is crucial, because vaccination of animals to control brucellosis has to be accompanied by

other measures such as the proper disposal of aborted fetuses and placenta [18].

Over the past 20 years, agro-pastoralists have immigrated to the Kilombero district and set-

tled at the fringes of existing villages [20]. There is a paucity of studies in the area on the aware-

ness, attitudes and practices of local communities related to brucellosis; yet a holistic

understanding is important, because disease control strategies need to have the support of

local communities to be successful [6]. This study therefore explored the disparities between

risk perception and practices performed risking transmission of the disease in an agro-pasto-

ralist setting. The findings contribute insights into awareness and perception of brucellosis in

this district. These insights are essential for the development of suitable control and sensitiza-

tion strategies for brucellosis in this area.

Methods

Ethics statement

The National Institute for Medical Research in Tanzania (NIMR/HQ/ R.8a/Vol.1X/3102)

approved the study. Before the study, the Morogoro regional administration authorities, the

Kilombero District council and subsequently community leaders gave permission for the

study and each respondent gave written informed consent and strict confidentiality was main-

tained in managing the data.

Study area

This study was conducted in the three neighboring rural villages of Lungongole, Sagamaganga

and Signal in the Kilombero district of the Morogoro region (Fig 1) between March and

August 2019. Previously, the prevalence of brucellosis was shown to be 14.3% and 14.6% in cat-

tle and humans respectively in the district [15]. The villages for this study were selected purpo-

sively to cover the isolated agro-pastoralist communities found at the fringes of the farming

community. The district was previously inhabited by peasant farmers only, but agro-pastoral-

ists migrated to this area in the last twenty years [20].

Study population

The study population consisted of agro-pastoralists mainly from the Wasukuma, Wamaasai

and Wamang’ati ethnic groups. The Wasukuma practice both farming and livestock keeping
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while the Wamaasai and Wamang’ati are mainly livestock keepers, farming only on a small

scale if at all. These communities have continued to immigrate into this area in the last two

decades in search of pasture and water for their livestock. While they keep sheep, goats and cat-

tle, the latter are the most valued because of their greater economic value. These livestock keep-

ers settled at the fringes of the existing farming villages from where they can easily access the

communal grazing grounds located on the margins of the villages. The majority has no formal

education, although this is changing and younger generations attend primary school. Most of

these communities live a traditional lifestyle in close proximity to their livestock. They fre-

quently self-medicate both livestock and people, using conventional and traditional medicines.

Livestock is purchased from each other and from livestock markets spread throughout the dis-

trict. Communal grazing grounds have been set aside where herding of cattle is done for most

of the year. For about three months each year (March to May), the area is flooded and during

that time the cattle are grazed within the homestead and in nearby open fields. This seasonal

grazing pattern requires young herdsmen (12–30-year-olds) to live for up to nine months each

year in makeshift structures in the communal grazing areas away from the homesteads.

Fig 1. Map of the Morogoro region indicating the three study villages where knowledge, attitudes and practices of

agro-pastoralist communities were investigated.

https://doi.org/10.1371/journal.pntd.0009500.g001
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Study design, sampling and data collection

In this cross-sectional study quantitative and qualitative data were collected sequentially

through structured interviews and focus group discussions (FGDs). First, quantitative data

were collected on demographic variables, awareness of the major signs of brucellosis in live-

stock and humans, knowledge of brucellosis transmission across the wildlife-livestock-human

interface and risks of consumption of animal sourced foods, as well as animal handling prac-

tices and any observed brucellosis symptoms and perception of their causes (Supplementary

Material 1). The project team (2 females and 1 male) visited all 176 agro-pastoralist households

in the three villages together. In most participating households an adult male and an adult

female were interviewed. Due to the unavailability of respondents in 9 households, a total of

333 interviews were conducted in 167 households. Consequently, a total of 129, 74 and 130

livestock keepers were interviewed in Lungongole, Sagamaganga and Signal villages respec-

tively, of which 175 were male and 158 female. Only livestock owners and herders aged 18

years or older were included in the study. Pre-testing of the questionnaire was done with 20

livestock keepers in a neighboring village (Kikwawila) and those findings were not included in

the final study. These respondents had a similar profile to the study participants as they were

agro-pastoralists, immigrants to the area, and mainly from the Wasukuma ethnic group.

The same research team conducted follow-up interviews through 7 focus group discussions

(4 male and 3 female groups) with 74 participants in total. In each village two FGDs were con-

ducted (a total of 3 with men and 3 with women). One additional FGD was conducted with

herdsmen in Sagamaganga village to obtain unique perspectives since the herders actually

spent most of their young adult lives looking after livestock in isolated places. Each FGD had

between 8–12 participants. Participants were purposively selected out of the respondents of

the structured interviews with the help of each village livestock keepers’ chair person. FGDs

were conducted to gain deeper insights into zoonotic diseases including brucellosis, percep-

tions on risk factors for zoonoses, beliefs and practices related to raw milk consumption and

animal husbandry practices.

Adult (�18yrs) men and women were interviewed separately to avoid gender dominance

in the interview. Interviews were held in a central location such as under a tree or in a primary

school. Two trained research assistants, fluent in Kiswahili and Kisukuma, the main local lan-

guage for most of the livestock keepers, were involved in the data collection to aid with com-

prehension. All the interviews were conducted in Kiswahili. During the focus group

discussion, notes were taken by a research assistant and audio recorded.

Data management and analysis

Quantitative data was analyzed using R software version 3.6.1 (Core-Team. R: A language and

environment for statistical computing. R Foundation for Statistical Computing, Vienna, Aus-
tria, 2019). In order to quantify knowledge level, 29 categorical variables related to knowledge

of brucellosis were individually scored on a binary scale of 0 and 1 as done by other researchers

[21, 22]. Using the above scoring system, a total score was obtained for each respondent. The

total score was then converted into a percentage score and the same procedure, now with a

maximum score of 12, was used to assign a score for practices relating to brucellosis transmis-

sion pathways. For knowledge, the respondent who answered the most questions correctly

scored the highest. For practices, the respondent reporting to perform the highest number of

practices risking transmission scored the highest. The percentage scores for both knowledge

and practices then formed the respective response variables for analysis.

Associations between socio-demographic variables and the level of knowledge of the

disease were investigated with a zero-inflated negative binomial (ZINB) model, while
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involvement in practices risking transmission was modelled using a generalized linear model

(GLM). For the ZINB model the response variable was “knowledge score”, while for the

GLM the response variable was the proportion of risky practices undertaken of the total

number of risky practices mentioned in the questionnaire. For both models’ explanatory var-

iables were “sex”, “education”, “age group”, “religion” and “ethnicity” and for the GLM

“knowledge” was added. For both models, explanatory variables “education” and “age-

group” were treated as ordinal variables, while sex, ethnicity and religion were categorical

variables. Age was transformed into age groups as ordinal numbers with ages 18–25 as group

1, 26–33 as group 2, 34–41 as group 3, 42–49 as group 4 and�50 as group 5. Education was

changed into discreet ordinal numbers with 0 standing for no education, 1 for primary

school education, 2 for secondary education and 3 for college/university education. Practice

scores were transformed into proportions and a quasi-binomial distribution was used.

Knowledge level was estimated as the sum of the 29 categorical variables, as described in

more detail above, and knowledge scores were transformed into proportions. Since 93%

(309) of participants answered that they had never heard of brucellosis and therefore scored

zero in all questions on knowledge, we identified the data as over-dispersed due to the pres-

ence of excess zeroes and used a ZINB model [23]. This estimated the odds of socio-demo-

graphic variables being associated with having any knowledge of brucellosis and with the

level of knowledge on brucellosis.

For all response variables of interest, model selection was based on backward elimination

from an initial maximal model that included all predictors. Variables were tested using a likeli-

hood ratio test and the variable with the highest p-value was removed at each iteration from

the maximal model until only statistically significant terms remained. The overall model fit

was assessed by plotting the coefficients and visually inspecting the residuals against the fitted

values. Likelihood ratio tests were used to determine the influence of statistically significant

variables. The packages ‘pscl’,’lattice’ and ‘MASS’ were used in R [24].

The FGDs recordings were transcribed into Swahili by one of the research assistants. There-

after, the transcripts were translated into English and organized and prepared for analysis. The

data were then entered into QSR NVIVO version 12.5.0 (NVivo qualitative data analysis soft-

ware; QSR International Pty Ltd. Version 12, 2018). This social sciences software is used to

order and organize qualitative data, to discover richer insights from qualitative and mixed

methods research. In this study, the data were organized and grouped into codes that repre-

sented different themes regarding the knowledge, perceptions and practices related to brucel-

losis. This process was iterative, supported by existing literature, and the themes were

modified and the relationships between them identified [25]. The emerging patterns were

identified.

Results

Demographic characteristics

A total of 333 individuals participated in this study from 3 villages in the Kilombero district. A

summary of the respondents’ socio demographic characteristics is shown in Table 1. Of these

175 (53%) were male and 158 (47%) female with 129, 74 and 130 respondents from Lungon-

gole, Sagamaganga and Signal villages respectively. Respondents were from the Wasukuma

ethnic group (253, 76%) as well as Wamaasai (6.9%) and other agro-pastoral ethnic groups

(17.1%). Most of the respondents were 34–41 years (30%) and 42–49 (24%) years of age with

more than half (59%) having no formal education. Slightly more than half identified to practice

traditional religion (56%) and 94% were married. Additionally, 74 (45 men and 29 women) of

the initial respondents participated in the 7 focus group discussions.
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Awareness and knowledge of brucellosis in livestock and humans

Only a small minority (24, 7.2%) of the respondents had ever heard of brucellosis in livestock,

while none had ever heard of the disease in humans. The respondents engaged in various prac-

tices that predisposed them to brucellosis. The variables for knowledge and practices are

shown in Table 2 below.

Table 3 shows how many respondents were aware of brucellosis in livestock and/or animals

and how many observed symptoms consistent with brucellosis in their herds in the previous

year regardless of their awareness.

Perceived sources of symptoms associated with brucellosis in livestock and

humans

Over half of the respondents did not know the source of brucellosis related signs in livestock

while some identified them as a result of trypanosomiasis as shown in Table 4 below.

According to the focus group participants, brucellosis related symptoms in livestock, espe-

cially abortions, were mainly attributed to trypanosomiasis. This was largely due to their obser-

vation that there were many tse tse flies in the grazing areas. These grazing areas were largely

uninhabited and participants referred to them as “mapori” [the wild areas]. The following

excerpts exemplify this: “We know that when tsetse flies bite cattle then abortions occur and the
cows do not produce milk.” (Women, FGD1, Kilombero) The same women added that they

had never heard of brucellosis. Male participants from FGD3 made a similar statement: “Tse
tse flies are found in areas with wild animals and they cause abortions in cattle either after they
bite the animals or when cattle eat grass that has tse tse flies eggs on it”. Men FGD3, Kilombero

Other brucellosis related symptoms were also witnessed occasionally in the community

including retained placenta, birth of weak or still born calves, reduced milk production and

Table 1. Summary of the socio demographic characteristics of the respondents.

Demographic characteristics Structured interview respondents

Sex Male 53%

Female 47%

Age 18–25 years 7%

26–33 years 19%

34–41 years 30%

42–49 years 24%

>50 years 20%

Education None 59%

Primary 39%

Secondary 2%

Tertiary -

Religion Local religion 56%

Christian 32%

Muslim 12%

Ethnicity Wasukuma 76%

Wamaasai 6.9%

Others 17.1%

Marital status Married 93.7%

Separated 0.9%

Single 2.4%

Widowed 3%

https://doi.org/10.1371/journal.pntd.0009500.t001
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Table 2. Quantitative variables used to score knowledge and practices among the respondents.

Knowledge of brucellosis in livestock and humans Number of participants responding (N = 333)

Awareness of brucellosis in livestock? 24

Major signs of brucellosis in livestock? (N = 24)

Abortions 22

Reduced milk production 17

Birth of weak calves 17

Still births 13

Not conceiving/siring 9

Weight loss 10

Lameness 6

Swollen joints (hygromas) 1

Other signs attributable to brucellosis (premature calving) 1

Awareness of brucellosis transmission from wildlife to livestock 21

Awareness of brucellosis transmission from livestock to humans 17

Brucellosis in humans (N = 333)

Awareness of brucellosis in humans 0

Major signs of brucellosis in humans? (N = 0)

Fever 0

Chills 0

Headache 0

Joint pains 0

Abdominal pains 0

General malaise 0

Diarrhea 0

Vomiting 0

Sweating 0

Weight loss 0

Transmission of brucellosis from livestock to humans? (N = 17)

Raw milk consumption 17

Raw blood consumption 14

Raw meat consumption 15

Direct contact with birth fluids 17

Inhalation of infected aerosols 15

Other signs (Physical contact with animal dung) 2

Practices risking transmission with brucellosis Number of participants responding (N = 333)

Milking sick cattle 100

Consuming milk from sick cattle 98

Consuming raw milk 263

Slaughtering sick cattle 177

Slaughtering and skinning dead animals 223

Consuming meat from dead animals 258

Consuming meat from animals that died of natural causes 251

Consuming raw blood from animals 34

Consuming raw meat 27

Residing with livestock in the same house 11

Assisting in parturition with bare hands 300

Grazing livestock in areas with wild animals 141

https://doi.org/10.1371/journal.pntd.0009500.t002
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infertility. The agro-pastoralists assumed that these incidences were a result of unknown dis-

ease, a difficult birth process, body size and supernatural forces. These signs were also accepted

as part of life and associated to similar incidences in humans especially in the cases of infertility

and still births. Women said for instance: “Still births happen because the animal was sick or in
labor for a long time and also God had planned for that to happen just like it happens in human
beings”. (Women FGD 2, Kilombero). As a result of this acceptance, such livestock were

retained in the herd, especially if other benefits were attributed to the animal, such as body

size, calmness or a potentially good market price. The men mentioned that infertile cows were

used as “draught animals” and kept for feasts:

“We also keep them and slaughter them during important occasions at home because they
often are very big in size”. Men FGD 2, Kilombero

Table 3. The awareness and experience of symptoms related to brucellosis among agro- pastoralists in the Kilombero district, Tanzania.

Awareness

Question Total number answering “yes”

(N = 333)

Frequency

(%)

Awareness Have you ever heard of brucellosis in livestock? 24 7.2

Have you ever heard of brucellosis in humans? 0 0

Experience of brucellosis symptoms in

livestock

Did you witness any cases of abortions in your livestock in the past

one year?

95 29

Did you witness any cases of retained placenta in your livestock in the

past one year?

45 14

Did you witness any cases of still births in your livestock in the past

one year?

28 8

Did you witness any cases of infertility in your livestock in the past

one year?

9 3

https://doi.org/10.1371/journal.pntd.0009500.t003

Table 4. Answers to open questions on the perceived sources of common signs of brucellosis among agro-pasto-

ralists in the Kilombero district, Tanzania.

Symptom in livestock Perceived causes Frequency (%) N = 333

Abortions Do not know 56

Trypanosomiasis 40

Unidentified disease 3

Supernatural causes 1

Retained placenta Do not know 64

Trypanosomiasis 16

Calving complications 9

Unidentified disease 7

Supernatural causes 2

Brucellosis 2

Still births Don’t know 50

Trypanosomiasis 21

Unidentified disease 21

Calving complications 8

Not conceiving/siring Do not know 78

Trypanosomiasis 11

Supernatural causes 11

https://doi.org/10.1371/journal.pntd.0009500.t004
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Although participants, in all 7 FGDs did not know the causes of retained placenta, the rem-

edies they used were perceived to be effective and thus this was perceived as a minor problem.

“We wrap the protruding placenta around a stick and gently pull it over a few hours and even-
tually it comes out”.

Men FGD3, Kilombero

“We have a local herb that we feed to the cows or salty water and the placenta comes off. It is
never a big problem. Once we use that medicine the placenta comes out even after a number
of days”.

Women FGD3, Kilombero

A major explanation for infertility in all the 7 FGDs was that it occurred as a result of

increased body fat in an animal which impeded conception. The perceived duty of care for

that animal and the perspective that the animal was still valuable as a traction animal or for

slaughter prevents it from being removed from the herd. This is demonstrated through the fol-

lowing excerpts:

“God gave me that animal to look after and he would be displeased if I sold it”

Women FGD2, Kilombero

“The cow was attractive to look at because it was very large and fat and would eventually be
sold at a good price in the market or slaughtered in the home during an important ceremony
because of its size”.

Men FGD2, Kilombero

The survey results show that more than three quarters (78%) of the respondents observed

that they or a close family member had had a fever in the previous three months. In all the 7

FGDs participants did not know about brucellosis in humans but they knew about febrile ill-

nesses, especially malaria, which was commonly experienced, followed by typhoid and urinary

tract infections (UTIs). This is demonstrated through the excerpt below:

“We have never heard of brucellosis and in the health facilities they don’t mention it either.
But when ill we are told we are either suffering from malaria, UTI or typhoid”.

Women FGD3, Kilombero

Other signs associated with a febrile illness were headaches (85%), abdominal pain (69%),

vomiting (67%), joint pains (66%) and chills (63%). Focus group discussants noted that the

major signs of a febrile illness were chills, fever and general malaise which were the most com-

monly mentioned (6/7FGDs) as well as headaches and stomach pain (4/7 FGDs). In this tradi-

tional agro-pastoralist community, the task of looking after livestock and managing livestock

diseases belongs to men.

Socio demographic characteristics associated with knowledge on

brucellosis

The details of the respondents’ knowledge related to brucellosis are shown in Table 2. The

ZINB model provides two types of results (Table 5). The zero-inflation part shows the odds of
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having no knowledge are significantly decreased for males (OR = 0.05; 95% CI: 0.007–0.43)

and by level of education (OR = 0.28; 95% CI: 0.12–0.64). Being older decreases the odds of

having no knowledge of brucellosis (OR = 0.71; 95% CI: 0.47–1.06), but not significantly. The

count part of the ZINB model addresses the odds of having better knowledge among knowl-

edgeable group members. Age significantly increases the odds to know more by 22% (95% CI:

1.05–1.44). Being male increases the odds to have more knowledge by 7% (95% CI: 0.36–3.15),

but this result is not significant. A better level of education increases the odds to know more by

19% (95% CI: 0.84–1.68), but also not significantly.

Community practices and brucellosis transmission risk to humans

Not belonging to the Wamaasai ethnic group decreased the odds of using risky practices sig-

nificantly, as did being of Muslim or Christian faith compared to having traditional beliefs

(Table 6). Age, sex, education and knowledge were not associated with the level of transmis-

sion risk practices performed.

The number of Christians (32%) and Muslims (12%) in the study was smaller compared to

those who followed traditional religious beliefs (56%). Results from the FGDs showed that

overall culture played a bigger role in determining behavior than did religion or education

alone. This is especially because these practices are a way of life and deeply entrenched and

also due to the low perception of risk related to these practices.

Attitudes related to the consumption of raw animal products and livestock

handling

The results of this study show that the majority of the respondents engaged in risky behavior

for human brucellosis transmission, as shown earlier in Table 2. During FGDs these practices

were attributed to culture and long-term engagement in these practices without any perceived

negative consequences. Participants in FGDs noted that long standing tradition, perceived

benefits of raw animal product consumption, low risk perception attributed to these practices

Table 5. Predictors for knowledge and knowledge level of brucellosis by agro- pastoralists in Tanzania in a) the null model and b) the final model.

a) Probability to have no knowledge, odds ratio (OR) 95%CI P-value Level of knowledge, odds ratio (OR) 95% CI P-value

Intercept 1142 64.8–20111 <0.0001 13.5 3.73–47 0.0001

sex (female) 1 - - 1 - -

sex (male) 0.056 0.007–4.2 0.005 1.1 0.42–2.9 0.83

education 0.23 0.01–5.74 0.002 1.31 0.82–2.11 0.25

age group 0.69 0.46–1.05 0.09 1.3 1.11–1.53 0.001

Religion (Traditional) 1 - - 1 - -

Religion (Christianity) 1.93 0.62–6.04 0.25 0.63 0.32–1.21 0.17

Religion (Islam) 0.96 0.21–4.36 0.95 0.85 0.5–1.47 0.58

Ethnicity (Wamaasai) 1 - 1 - -

Ethnicity (Other) 0.76 0.65–1.02 0.92 1.5 0.98–1.7 0.96

Ethnicity (Wasukuma) 0.79 0.2–2.8 0.69 0.66 0.4–1.09 0.1

b) Probability to have no knowledge, odds ratio (OR) 95%CI P-value Level of knowledge, odds ratio (OR) 95% CI P-value

Intercept 915 74–1121 <0.0001 12.143 3.44–42.8 0.0001

sex (female) 1 - - 1 - -

sex (male) 0.056 0.007–0.43 0.005 1.074 0.36–3.15 0.9

education 0.286 0.12–0.64 0.002 1.192 0.84–1.68 0.31

age group 0.71 0.47–1.06 0.09 1.228 1.05–1.44 0.01

https://doi.org/10.1371/journal.pntd.0009500.t005
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and pragmatic reasons, as the main drivers for risk behaviors. Raw milk was perceived to have

better nutritional value, more desirable taste and smell, increased satiation and reduce the

potential harm from ingested toxic substances. The excerpts below elucidate this:

“Raw milk is more nutritious and causes our babies to gain weight fast and become big”.

Women FGD2, Kilombero

“When we drink raw milk we can go for up to two days without feeling hungry as the milk has
a lot of important nutrients and makes us very satisfied. But once you boil the milk it becomes
just like water and has little value”.

Men FGD2, Kilombero

Raw milk was also preferred as a cure for stomach ulcers and a source of hydration in the

absence of drinking water. The participants did not attribute any diseases to raw milk con-

sumption, instead associating diseases with supernatural factors. In one FGD men observed

that:

“We know people who have TB and yet they boil their milk before drinking it. These diseases
are from God and not from milk”.

Male FGD1, Kilombero.

Members from the Maasai community also reported to engage in the consumption of raw

blood and raw meat for cultural reasons and as a source of replenishing lost blood when ane-

mic and after child birth.

“We, the Maasai, enjoy raw blood and every time an animal is slaughtered we drink the
blood. It is part of our culture. Whenever a woman gives birth, a sheep is slaughtered and
before the woman eats anything else she is given blood to drink so that she can quickly regain
her strength and also to replace all the blood she has lost”.

Table 6. Predictors for the use of practices by agro-pastoralists risking brucellosis infection for a) null model and

b) final model.

Variable Odds ratio 95% CI P-value

a) Intercept 1.47 1.07–2.01 0.01

Sex 0.98 0.84–1.16 0.89

Age 0.94 0.9–1.02 0.12

Education 0.8 0.68–0.94 0.01

Religion (Christian) 0.82 0.68–0.98 0.03

Religion (Islam) 0.48 0.36–0.64 <0.001

Ethnicity (Wasukuma) 0.87 0.71–0.01 0.21

Ethnicity (Other) 0.32 0.2–0.42 <0.001

Knowledge 1.01 0.99–1.01 0.05

Variable Odds ratio 95% CI P-value

b) Intercept 1.10 0.98–1.23 0.08

Education 0.82 0.71–0.96 0.02

Religion (Christian) 0.84 0.71–1.01 0.06

Religion (Islam) 0.51 0.39–0.67 <0.0001

https://doi.org/10.1371/journal.pntd.0009500.t006
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Women FGD3, Kilombero

Assisted parturition with bare hands was very common, especially among herdsmen, with

the perception that as long as one washed their hands after, no harm was to be expected.

Instead, any cases of fever in humans were associated with malaria. In one of the FGDs, men

observed that they had heard from livestock officers that it was important to wear gloves when

assisting in parturition. However, they indicated that, “only the livestock officers use the gloves,
we do not because it is our custom to use bare hands even if we have been told that we should
wear gloves”. This is further demonstrated in the excerpt below:

“We have never encountered any harm after assisting in parturition either to the animal or to
ourselves. So according to us, there can be no harm because if there were, we would have expe-
rienced it by now”.

Men FGD1, Kilombero

More than half (67%) of the respondents fed aborted material to dogs while 28% and 4%

buried it or left it to rot on the ground respectively. This task of disposal was performed by

boys aged 10 to 12 years old. This data was corroborated by reports from FGDs where partici-

pants commented that they generally fed aborted material to dogs. They often cut and cooked

the aborted material to prevent dogs from getting used to the taste and eating live calves. In an

FGD with herdsmen they observed that:

“Most often we feed the aborted material to our dogs. We cut it so as to drain most of the
blood and cook the fetus before feeding it to the dogs so that dogs do not get into the habit of
eating live calves”.

Male FGD4, Kilombero

A small minority (3.3%) of the respondents reported to reside with livestock. This was not a

common practice and most livestock keepers built an enclosure for animals outside. However,

herd boys reported to sleep close to livestock to prevent attacks from predators and snakes,

when living for many months in the wild, looking after cattle. This is shown through the fol-

lowing quote:

“We sleep close to the cattle to avoid animals like snakes and lions. When we are close to cat-
tle, if a wild animal comes the cattle are restless and we get startled and are not caught
unawares”.

Men FGD4, Kilombero

Perceptions on wildlife-livestock interaction

Close to half (42%) of all the respondents in the structured interviews grazed their livestock in

areas with wildlife. FGD participants observed that their livestock, especially cattle, routinely

encountered wild animals such as puku antelopes, buffaloes, wild pigs, hippos, lions and even

elephants. These encounters were due to the structure of land use in the villages whereby the

grazing area directly neighbors a wildlife conservation area. This association was not consid-

ered as a potential route for transmission of disease by most of the respondents. Men in one

FGD noted that,
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“These animals, especially buffaloes and antelopes, graze freely with our cattle. These do not
cause any harm to cattle because they belong to the same family. If you observe keenly
antelopes have the same kind of hooves as goats and buffaloes as cattle”.

Men FGD3, Kilombero

Discussion

The success of public health interventions against brucellosis relies on prior information about

any misconceptions, traditional beliefs and local practices of the targeted communities [18,

26]. This study aimed at ascertaining the discrepancies between risk awareness and perception

regarding brucellosis by the agro-pastoralist communities in the Kilombero Valley. Our main

findings show a lack of knowledge of transmission dynamics and symptoms of brucellosis.

The risk perception for contracting human brucellosis due to the consumption of raw animal

products and the handling of animals is low. Behaviors exposing the people to a high risk of

zoonotic transmission are frequently practiced, including raw animal products consumption

and assisting livestock births. Factors associated with having no knowledge of the disease are

gender and level of education, with females and participants with little education more likely

to have never heard of brucellosis. Our findings show that older agro-pastoralists are more

likely to have a higher level of knowledge on brucellosis. Engaging in practices risking trans-

mission was positively associated with belonging to the Wamaasai tribe. Agro-pastoralists of

Muslim and Christian faith were less likely to engage in risky practices than people with tradi-

tional beliefs. Even though a high priority disease in Tanzania, with an incidence rate of as

high as 28.2% in humans in some areas [26] and affecting livestock productivity, the agro-pas-

toralist communities in the Kilombero Valley are inadvertently unaware of the problem.

Inadequate awareness and knowledge on brucellosis in livestock and

humans

The study found very low awareness of brucellosis among agro-pastoralists and a lack of recog-

nition of the disease as a public health threat. This presents a challenge to correctly identifying

brucellosis symptoms and to actively addressing the disease. This is in line with other studies

from various parts of Tanzania and Africa, which found that people had inadequate knowledge

on the causes, signs and transmission pathways for brucellosis, especially among livestock

keepers [13, 27–32]. One recent major review of studies on knowledge, attitudes and practices

of brucellosis in Africa and Asia concluded, that, in line with our findings, about 50% of parti-

cipants did not know about brucellosis [33]. This shows a key gap in knowledge, especially in

Sub-Saharan Africa, where brucellosis has been determined to be endemic and a high priority

disease [7]. A proper understanding of the lay knowledge, attitudes and behavioral practices

risking transmission as well as perception regarding a disease is important for the development

of suitable disease control strategies including community education and sensitization [6]. In

order for control efforts, including livestock vaccination, to be effective, the engagement of

livestock keepers is paramount. Prevention via vaccination needs to be accompanied by the

adoption of less hazardous behavior, such as the proper disposal of aborted material and pla-

centas and controlled animal movement [18]. These measures are seriously hampered due to

inadequate knowledge on how brucellosis is transmitted between animals and to humans.

In our study, agro-pastoralists noticed brucellosis symptoms in their livestock, such as abor-

tion, still birth and infertility, but attributed them to trypanosomiasis, unknown disease and

supernatural factors. When attributed to the supernatural, they were related to similar
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occurrences in human beings especially in the case of still births and not conceiving and thus

accepted as part of life. More importantly, our study shows that participants did not consider

there to be a problem, since possible brucellosis symptoms were witnessed infrequently, and

since they owned large herds which was highly regarded as a status symbol. Owning a large

herd was considered more important than ensuring that all the animals in the herd were pro-

ductive. Therefore, infertility and low milk yield of some animals was not considered as a

threat to the overall productivity allowing them to keep less productive and chronically sick

animals. These sick animals have other values attributed to them, such as infertile cows being

valued for their size or cows with low milk yield being thought of as calmer. Consequently, as a

result of these attitudes and behavior, the potential for the spread of brucellosis in the herd is

high. Furthermore, the study shows that the community felt capable of addressing brucellosis

signs in livestock through conventional and traditional methods, such as using herbs and salt.

In a study conducted in Cameroon, it was also shown that pastoralists did not remove chroni-

cally sick animals from their herds since they would fetch low prices in the market [34]. This

shows that while livestock keepers often observe symptoms of disease in livestock, they have

different reasons for not culling sick animals. This kind of behavior can perpetuate the spread

of brucellosis to livestock and people and also threaten disease control efforts that involve cull-

ing of livestock.

Culturally acceptable behavior risking transmission of brucellosis

A recent study conducted in Kenya linked brucellosis in humans to the consumption of unpas-

teurized milk [8]. However, results from the current study showed that consumption of raw

animal products and close contact with animals and their products were not perceived as risk

factors for disease. This relates to a long-standing tradition and cultural practice and engaging

in practices risking transmission was linked to ethnicity in our study. Raw milk was reported

to be regularly used as a replacement for drinking water. Lay perceptions about disease etiol-

ogy have been identified to play a big role in determining whether people engage in risky

behavior or not [35, 36]. It has been shown that humans can get infected with brucellosis

through drinking raw milk, raw blood, residing with livestock and handling birth products

without gloves [9, 37]. Comparably, in other studies, participants reported to engage in raw

milk consumption, handling animal birth material and assisting in parturition with bare

hands in other countries [8, 38–43]. Our study also shows that while some participants were

informed of the need to avoid consumption of raw animal products and handling birth materi-

als with bare hands, this did not lead to safer behavior. The main reasons cited for this were

the cultural attachment they have to livestock and their products and the perceived low risk for

disease transmission due to this behavior. In this study, age significantly increased the odds to

know more about brucellosis, while being male and having better education were also corre-

lated with increased knowledge but not significantly. Older people in agro-pastoralist settings

have more experience in livestock management and consequently enhanced knowledge. Men

too, have a greater role in treating sick livestock and thus have access to insights on livestock

diseases which could explain why they are more likely to have better knowledge on brucellosis.

These findings correspond to other studies which have shown a variable effect of age, gender

and formal education on knowledge of brucellosis [44–47]. Here it was also found that adher-

ence to culture was a stronger driver for engaging in behavior risking transmission, than for-

mal education. Similarly, study participants in other settings engaged in the consumption of

unpasteurized milk and unprotected assisted parturition in spite of increased knowledge on

brucellosis [45, 48]. Pastoralists in Tanzania and Kenya, including the Wamaasai, were found

to consider the adherence to the cultural practice of raw milk and blood consumption to be
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more important than the protection from zoonotic disease [19, 36]. This demonstrates that

increased knowledge on brucellosis in agro-pastoral systems did not correspond to a change in

behavior, most likely due to the lack of perception of any problem. Importantly, it shows that

sensitization on brucellosis risk factors and transmission dynamics is not enough. A greater

level of engagement, considering the local socio-cultural context is necessary. For example,

findings in our study show that the role of religion in affecting food consumption and hus-

bandry behavior risking transmission needs to be explored further. Studies have shown that

risk communication strategies must consider the social cultural background of the communi-

ties involved [49, 50]. This is because values, norms and the characteristics of the risk itself

which include how prevalent the risk is, severity of the risk and the perceived effects of the risk

to individuals and community, determine how risk is assessed and perceived [49, 51]. This

determines what diseases and conditions are thus considered a priority for control by commu-

nities and affect their willingness to change their behavior.

In this study, men engaged in most of the livestock related duties such as slaughtering,

herding and assisting in parturition. According to participants in this study, younger men

(13–19 years old) were involved in preparation of aborted fetuses to feed to dogs. They also

reported to heavily consume raw milk, not just as food, but to quench their thirst while herd-

ing. Consequently, this increases their exposure to brucellosis. This links in with prevalence

studies conducted in Tanzania and Kenya, where men were reported to have a higher sero-

prevalence for brucellosis than women [52, 53]. The differential role that age and gender play

in transmission and infection with zoonotic disease is well established and is attributed to the

different roles in livestock keeping [19, 36, 54, 55]. The close interaction between humans, live-

stock and wildlife has been implicated in the perpetual transmission of brucellosis across spe-

cies [15, 56]. This is through contaminated material such as birth products in the grazing areas

and watering points as well as aerosol transmission. In this study, participants routinely inter-

acted with wildlife including buffaloes, antelopes and hippos, but did not consider this as a

potential pathway for brucellosis disease transmission to livestock or humans. Brucellosis

transmission between wildlife and livestock is poorly understood and was only associated with

tse tse flies by the agro-pastoralists. Our study found that behavior might differ based on reli-

gion, but ethnicity played a bigger role in perpetuating risk behavior.

This study adds insights into the awareness, risk perception, misconceptions and risk

behaviors associated with brucellosis, and some of the reasons governing these attitudes and

practices. Interestingly, and most alarming, is the evidence that agro-pastoralists in the Kilom-

bero district do not perceive the disease symptoms they witness in livestock and people as a

problem. Other studies have commented on the need to understand the reasons governing

people’s behavior through detailed qualitative studies [57]. It was suggested that this would

help to develop better, contextually relevant health education and disease control plans. This is

especially important because better knowledge on brucellosis does not always correspond with

engaging in less risky practices [45, 48]. In addition, the perceptions of livestock keepers on

the causes and symptoms of brucellosis and the risks associated with raw animal sourced foods

and livestock handling practices play a big role in determining their behavior. Consequently,

community education and sensitization that would be impactful and lead to long term behav-

ior change would need to be very engaging and consistent so that the community would ask

questions and have their concerns on risk perception addressed and responded to adequately.

Conclusion

Our study has found a mismatch between real transmission risk and its perception by the com-

munities, making risk communication as part of control efforts very difficult. Brucellosis is
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largely unknown and its symptoms are not considered a big problem by the livestock keepers

in the Kilombero district, Tanzania. Thus, brucellosis symptoms, while often observed, were

not perceived as severe and a threat to people and overall livestock productivity. Knowledge

on the signs, causes and risk factors for the disease in livestock and humans is inadequate, but

even increased knowledge on brucellosis and formal education did not correspond to safer

habits. How risk is perceived by health experts and lay people is often different and this has

an impact on public health messaging and community sensitization [50]. In this study, the dis-

parity in risk perception between professionals and the community is notable because the lay

people did not consider animal handling and consumption of animal sourced foods as risk fac-

tors for brucellosis. Policy decisions therefore, need to include lay risk perceptions so as to

develop targeted risk communication messages and to not only inform the community but

engage them to deal with the low awareness and misconceptions. Control efforts too, such as

surveillance, vaccination and safer animal handling behavior require the involvement of the

agro pastoralists in order to be successful. This study recommends focused community

engagement and sensitization to address the low awareness and misconceptions among agro-

pastoralists.

Limitations of the study

This study included the collection of qualitative data which means that the results of this study

cannot be generalized. However, it provides in-depth information that can be used in aiding

community sensitization and engagement in this context. The information generated through

the structured interviews was self-reported on personal behavior which could result in recall

bias and respondents giving answers that they might consider desirable. To mitigate this, trian-

gulation, using multiple methods including observation ensured that the data was accurate

and valid. Lastly, focus group discussions were conducted jointly with all the ethnic groups

which could have resulted in a lack of clarity of ethnic differences.
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Saharan Africa: Current challenges for management, diagnosis and control. Acta Tropica [Internet].

2017 Jan [cited 2020 Apr 21]; 165:179–93. Available from: https://linkinghub.elsevier.com/retrieve/pii/

S0001706X15301479 https://doi.org/10.1016/j.actatropica.2015.10.023 PMID: 26551794

19. Mangesho PE, Neselle MO, Karimuribo ED, Mlangwa JE, Queenan K, Mboera LEG, et al. Exploring

local knowledge and perceptions on zoonoses among pastoralists in northern and eastern Tanzania.

Budke CM, editor. PLOS Neglected Tropical Diseases [Internet]. 2017 Feb 1 [cited 2019 May 9]; 11(2):

e0005345. Available from: https://dx.plos.org/10.1371/journal.pntd.0005345 PMID: 28146556

20. Kangalawe RYM, Liwenga ET. Livelihoods in the wetlands of Kilombero Valley in Tanzania: Opportuni-

ties and challenges to integrated water resource management. Physics and Chemistry of the Earth,

Parts A/B/C [Internet]. 2005 Jan [cited 2020 Mar 26]; 30(11–16):968–75. Available from: https://

linkinghub.elsevier.com/retrieve/pii/S1474706505001154

21. Adesokan HK, Alabi PI, Stack JA, Cadmus SIB. Knowledge and practices related to bovine brucellosis

transmission amongst livestock workers in Yewa, south-western Nigeria. Journal of the South African

Veterinary Association [Internet]. 2013 Feb 12 [cited 2019 May 9]; 84(1). Available from: http://www.

jsava.co.za/index.php/jsava/article/view/121 https://doi.org/10.4102/jsava.v84i1.121 PMID: 23718254

PLOS NEGLECTED TROPICAL DISEASES Lay attitudes and misconceptions and their impact on brucellosis control

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009500 June 10, 2021 19 / 22

https://doc.oie.int/dyn/portal/index.seam?page=alo&aloId=31526
https://doi.org/10.20506/rst.32.1.2197
http://www.ncbi.nlm.nih.gov/pubmed/23837382
https://linkinghub.elsevier.com/retrieve/pii/S0378113502002493
https://linkinghub.elsevier.com/retrieve/pii/S0378113502002493
https://doi.org/10.1016/s0378-1135%2802%2900249-3
https://doi.org/10.1016/s0378-1135%2802%2900249-3
http://www.ncbi.nlm.nih.gov/pubmed/12414138
https://doi.org/10.1371/journal.pntd.0008108
http://www.ncbi.nlm.nih.gov/pubmed/32236091
https://linkinghub.elsevier.com/retrieve/pii/S0167587703002174
https://linkinghub.elsevier.com/retrieve/pii/S0167587703002174
https://doi.org/10.1016/j.prevetmed.2003.08.004
http://www.ncbi.nlm.nih.gov/pubmed/14623412
https://doi.org/10.1093/ilar.51.3.255
http://www.ncbi.nlm.nih.gov/pubmed/21131726
https://doi.org/10.1016/j.ijfoodmicro.2004.09.004
http://www.ncbi.nlm.nih.gov/pubmed/15808359
https://doi.org/10.1371/journal.pntd.0004476
https://doi.org/10.1371/journal.pntd.0004476
http://www.ncbi.nlm.nih.gov/pubmed/26943334
https://doi.org/10.4102/jsava.v84i1.121
http://www.ncbi.nlm.nih.gov/pubmed/23718254
http://www.biomedcentral.com/1746-6148/11/189
http://www.biomedcentral.com/1746-6148/11/189
https://doi.org/10.1186/s12917-015-0504-8
http://www.ncbi.nlm.nih.gov/pubmed/26253151
http://www.ojvr.org/index.php/ojvr/article/view/1032
https://doi.org/10.4102/ojvr.v83i1.1032
https://doi.org/10.4102/ojvr.v83i1.1032
http://www.ncbi.nlm.nih.gov/pubmed/27247075
https://doi.org/10.1371/journal.pntd.0006600
https://doi.org/10.1371/journal.pntd.0006600
http://www.ncbi.nlm.nih.gov/pubmed/29939991
https://linkinghub.elsevier.com/retrieve/pii/S0001706X15301479
https://linkinghub.elsevier.com/retrieve/pii/S0001706X15301479
https://doi.org/10.1016/j.actatropica.2015.10.023
http://www.ncbi.nlm.nih.gov/pubmed/26551794
https://dx.plos.org/10.1371/journal.pntd.0005345
http://www.ncbi.nlm.nih.gov/pubmed/28146556
https://linkinghub.elsevier.com/retrieve/pii/S1474706505001154
https://linkinghub.elsevier.com/retrieve/pii/S1474706505001154
http://www.jsava.co.za/index.php/jsava/article/view/121
http://www.jsava.co.za/index.php/jsava/article/view/121
https://doi.org/10.4102/jsava.v84i1.121
http://www.ncbi.nlm.nih.gov/pubmed/23718254
https://doi.org/10.1371/journal.pntd.0009500


22. Nuvey FS, Edu-Quansah EP, Kuma GK, Eleeza J, Kenu E, Sackey S, et al. Evaluation of the sentinel

surveillance system for influenza-like illnesses in the Greater Accra region, Ghana, 2018. Schnur JM,

editor. PLoS ONE [Internet]. 2019 Mar 14 [cited 2020 Apr 21]; 14(3):e0213627. Available from: http://

dx.plos.org/10.1371/journal.pone.0213627 PMID: 30870489

23. Long J.S. Regression Models for Categorical and Limited Dependent Variables. In: Handbook of Statis-

tical Analyses using R. Thousand Oaks, CA: Sage Publications; 1997.

24. Bates DM, Pinheiro JC. LINEAR AND NONLINEAR MIXED-EFFECTS MODELS. Conference on

Applied Statistics in Agriculture [Internet]. 1998 Apr 26 [cited 2020 Apr 8]; Available from: https://

newprairiepress.org/agstatconference/1998/proceedings/2

25. Srivastava P, Hopwood N. A Practical Iterative Framework for Qualitative Data Analysis. International

Journal of Qualitative Methods [Internet]. 2009 Mar [cited 2020 Oct 9]; 8(1):76–84. Available from:

http://journals.sagepub.com/doi/10.1177/160940690900800107

26. Chota A, Magwisha H, Stella B, Bunuma E, Shirima G, Mugambi J, et al. Prevalence of brucellosis in

livestock and incidences in humans in east Africa. African Crop Science Journal [Internet]. 2016 Apr 1

[cited 2019 May 22]; 24(1):45. Available from: http://www.ajol.info/index.php/acsj/article/view/133094

27. Asakura S, Makingi G, Kazwala R, Makita K. Brucellosis Risk in Urban and Agro-pastoral Areas in Tan-

zania. EcoHealth. 2018 Mar; 15(1):41–51. https://doi.org/10.1007/s10393-017-1308-z PMID:

29344824

28. Assenga JA. Epidemiology of Brucella infection in the human, livestock and wildlife interface in the

Katavi-Rukwa ecosystem, Tanzania. 2015;11.

29. Kunda J, Fitzpatrick J, Kazwala R, French NP, Shirima G, MacMillan A, et al. Health-seeking behaviour

of human brucellosis cases in rural Tanzania. BMC Public Health. 2007;8. https://doi.org/10.1186/1471-

2458-7-8 PMID: 17239228

30. Arif S, Thomson PC, Hernandez-Jover M, McGill DM, Warriach HM, Heller J. Knowledge, attitudes and

practices (KAP) relating to brucellosis in smallholder dairy farmers in two provinces in Pakistan.

Scherag A, editor. PLoS ONE. 2017 Mar 16; 12(3):e0173365. https://doi.org/10.1371/journal.pone.

0173365 PMID: 28301498

31. Nabirye HM, Erume J, Nasinyama GW, Kungu JM, Nakavuma J, Ongeng D, et al. Brucellosis: Commu-

nity, medical and veterinary workers’ knowledge, attitudes, and practices in Northern Uganda. Int J One

Health. 2017 May; 3:12–8.

32. Zhang N, Zhou H, Huang D, Guan P. Brucellosis awareness and knowledge in communities worldwide:

A systematic review and meta-analysis of 79 observational studies.: 20. https://doi.org/10.1371/journal.

pntd.0007366 PMID: 31048848

33. Zhang N, Zhou H, Huang D-S, Guan P. Brucellosis awareness and knowledge in communities world-

wide: A systematic review and meta-analysis of 79 observational studies. Samy AM, editor. PLoS Negl

Trop Dis [Internet]. 2019 May 2 [cited 2019 Dec 21]; 13(5):e0007366. Available from: https://doi.org/10.

1371/journal.pntd.0007366 PMID: 31048848

34. Healy Profitós JM, Moritz M, Garabed RB. What to do with chronically sick animals? Pastoralists’ man-

agement strategies in the far north region of Cameroon. Pastoralism: Research, Policy and Practice

[Internet]. 2013 [cited 2019 May 9]; 3(1):8. Available from: http://pastoralismjournal.springeropen.com/

articles/10.1186/2041-7136-3-8

35. Mutua EN, Bukachi SA, Bett BK, Estambale BA, Nyamongo IK. “We do not bury dead livestock like

human beings”: Community behaviors and risk of Rift Valley Fever virus infection in Baringo County,

Kenya. Bird B, editor. PLoS Negl Trop Dis [Internet]. 2017 May 24 [cited 2020 Feb 28]; 11(5):e0005582.

Available from: https://doi.org/10.1371/journal.pntd.0005582 PMID: 28542242

36. Ng’ang’a CM, Bukachi SA, Bett BK. Lay perceptions of risk factors for Rift Valley fever in a pastoral

community in northeastern Kenya. BMC Public Health [Internet]. 2015 Dec [cited 2019 May 9]; 16(1).

Available from: http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-2707-8

37. Alexander KA, Blackburn JK, Vandewalle ME, Pesapane R, Baipoledi EK, Elzer PH. Buffalo, Bush

Meat, and the Zoonotic Threat of Brucellosis in Botswana. Schneider BS, editor. PLoS ONE [Internet].

2012 Mar 8 [cited 2019 Jun 3]; 7(3):e32842. Available from: https://doi.org/10.1371/journal.pone.

0032842 PMID: 22412932

38. Muturi M, Bitek A, Mwatondo A, Osoro E, Marwanga D, Gura Z, et al. Risk factors for human brucellosis

among a pastoralist community in South-West Kenya, 2015. BMC Res Notes [Internet]. 2018 Dec [cited

2019 Dec 21]; 11(1):865. Available from: https://bmcresnotes.biomedcentral.com/articles/10.1186/

s13104-018-3961-x PMID: 30518420

39. Cloete A, Gerstenberg C, Mayet N, Tempia S. Brucellosis knowledge, attitudes and practices of a

South African communal cattle keeper group. Onderstepoort Journal of Veterinary Research [Internet].

2019 Feb 18 [cited 2019 Dec 21]; 86(1). Available from: http://www.ojvr.org/index.php/OJVR/article/

view/1671 https://doi.org/10.4102/ojvr.v86i1.1671 PMID: 30843408

PLOS NEGLECTED TROPICAL DISEASES Lay attitudes and misconceptions and their impact on brucellosis control

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009500 June 10, 2021 20 / 22

http://dx.plos.org/10.1371/journal.pone.0213627
http://dx.plos.org/10.1371/journal.pone.0213627
http://www.ncbi.nlm.nih.gov/pubmed/30870489
https://newprairiepress.org/agstatconference/1998/proceedings/2
https://newprairiepress.org/agstatconference/1998/proceedings/2
http://journals.sagepub.com/doi/10.1177/160940690900800107
http://www.ajol.info/index.php/acsj/article/view/133094
https://doi.org/10.1007/s10393-017-1308-z
http://www.ncbi.nlm.nih.gov/pubmed/29344824
https://doi.org/10.1186/1471-2458-7-8
https://doi.org/10.1186/1471-2458-7-8
http://www.ncbi.nlm.nih.gov/pubmed/17239228
https://doi.org/10.1371/journal.pone.0173365
https://doi.org/10.1371/journal.pone.0173365
http://www.ncbi.nlm.nih.gov/pubmed/28301498
https://doi.org/10.1371/journal.pntd.0007366
https://doi.org/10.1371/journal.pntd.0007366
http://www.ncbi.nlm.nih.gov/pubmed/31048848
https://doi.org/10.1371/journal.pntd.0007366
https://doi.org/10.1371/journal.pntd.0007366
http://www.ncbi.nlm.nih.gov/pubmed/31048848
http://pastoralismjournal.springeropen.com/articles/10.1186/2041-7136-3-8
http://pastoralismjournal.springeropen.com/articles/10.1186/2041-7136-3-8
https://doi.org/10.1371/journal.pntd.0005582
http://www.ncbi.nlm.nih.gov/pubmed/28542242
http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-2707-8
https://doi.org/10.1371/journal.pone.0032842
https://doi.org/10.1371/journal.pone.0032842
http://www.ncbi.nlm.nih.gov/pubmed/22412932
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-018-3961-x
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-018-3961-x
http://www.ncbi.nlm.nih.gov/pubmed/30518420
http://www.ojvr.org/index.php/OJVR/article/view/1671
http://www.ojvr.org/index.php/OJVR/article/view/1671
https://doi.org/10.4102/ojvr.v86i1.1671
http://www.ncbi.nlm.nih.gov/pubmed/30843408
https://doi.org/10.1371/journal.pntd.0009500


40. Boukary AR, Saegerman C, Abatih E, Fretin D, Alambédji Bada R, De Deken R, et al. Seroprevalence

and Potential Risk Factors for Brucella Spp. Infection in Traditional Cattle, Sheep and Goats Reared in

Urban, Periurban and Rural Areas of Niger. Zhang Q, editor. PLoS ONE [Internet]. 2013 Dec 16 [cited

2020 Mar 1]; 8(12):e83175. Available from: https://doi.org/10.1371/journal.pone.0083175 PMID:

24358261

41. Aworh MK, Okolocha E, Kwaga J, Fasina F, Lazarus D, Suleman I, et al. Human brucellosis: seropreva-

lence and associated exposure factors among abattoir workers in Abuja, Nigeria—2011. Pan Afr Med J

[Internet]. 2013 [cited 2020 Feb 28];16. Available from: http://www.panafrican-med-journal.com/

content/article/16/103/full/

42. Tumwine G, Matovu E, Kabasa JD, Owiny DO, Majalija S. Human brucellosis: sero-prevalence and

associated risk factors in agro-pastoral communities of Kiboga District, Central Uganda. BMC Public

Health [Internet]. 2015 Dec [cited 2019 May 9]; 15(1). Available from: http://bmcpublichealth.

biomedcentral.com/articles/10.1186/s12889-015-2242-z PMID: 26577404

43. Migisha R, Dan Nyehangane, Boum Y, Page A-L, Zúñiga-Ripa A, Conde-Álvarez R, et al. Prevalence
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