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Abstract 

Introduction: brucellosis is among the world's most 
widespread zoonotic diseases which is recognized 
as a public health concern in both developed and 
developing countries. It is endemic in Kenya's 
pastoral communities where it is associated with 
significant economic losses due to decreased 
animal productivity and high burden in humans. The 
objectives of this study were: i) To estimate the 
sero-prevalence and determine the risk factors of 
brucellosis in humans ii) To assess the knowledge 
attitude and practices (KAP) of a pastoral 
community in relation to brucellosis transmission 
and control. Methods: cross-sectional survey was 
conducted within the pastoral ecosystem of 
Marsabit County. A total of 227 households were 
randomly selected. Blood samples were aseptically 
drawn from the selected humans and tested for 
Brucella immunoglobulin G (IgG) antibodies. 
Questionnaires were administered via personal 
interviews to the head of each study household to 
assess risk factors of transmission. Univariate and 
subsequently multivariate logistic regression 
analysis were performed examine the factors 
independently associated with Brucella 
seropositivity after adjustment for the effects of 
other explanatory variables. Results: the individual 
Brucella sero-prevalence was estimated at 44% 
(332/755) and that of the household at (73.13%). 
Although the majority (85.5%) of the respondents 
had heard of brucellosis, only a few could identify 
the disease by clinical signs in both humans and 
animals. The majority (88.5%) engaged in practices 
that were likely to enhance Brucella transmission 
and thus spread. Being a male herder increased the 
risk of infection by almost twice (OR=1.8136) 
compared to females. People who were either 
students, farmers, skilled or non-skilled off farm 
workers were less likely (OR=0.3053, 0.9038, 0.7749 
and 0.2010 respectively) to be infected with 
brucellosis than housewives. Households where 
milk was boiled before consumption were less likely 
(OR=0.404) to have a higher rate of brucellosis 
infection than those who consumed raw milk. 
Households that used milk from their own animals 

were much less likely (OR= 0.1754) to have infection 
than those that use milk from other sources. 
Households that kept sheep and those that had 
members who assisted animals during delivery 
were more likely to have higher rates of brucellosis 
than those who never kept sheep and those who 
never assisted in delivery respectively. Conclusion: 
brucellosis is endemic in Marsabit County despite 
the low levels of knowledge and good control 
practices by the community. Consumption of raw 
milk and close contact with animal, particularly 
sheep are the highest risk factors There is a need for 
implementation of effective prevention strategies 
and advocacy practices like targeted livestock 
vaccinations and public education. 

Introduction     

Brucellosis is among the world´s most wide spread 
zoonotic diseases and recognized as a public health 
concern in both developed and developing 
countries [1]. Brucellosis remains one of the most 
common public health and livestock production 
problems, especially in Kenya´s pastoral 
communities. In Africa, countries like Uganda and 
Eritrea have reported 5-48 new cases per million in 
humans. It is caused by infection with an 
intracellular gram-negative coccobacilli of the 
family Brucellaceae and genus Brucella [2] Brucella 
melitensis and arbutus are the most common cause 
of brucellosis in humans worldwide. In East Africa 
about 21,104,976 cases of livestock brucellosis are 
reported annually. Human infection occur from 
frequent exposure to infected animals or 
contaminated animal products [3]. The disease is 
spread within livestock herds mainly by ingestion or 
consumption of feed contaminated with Brucella 
organisms. Humans are infected by transmission 
through skin openings/cuts, direct or indirect 
contact with tissues, urine, vaginal discharges, 
blood, placentas and aborted fetuses of infected 
animals [4]. Food borne infection may occur 
following consumption of unpasteurized milk 
among other dairy products, uncooked meat and its 
products, poor hygiene and contact with infected 
animals [5]. In Kenya, the estimated seroprevalence 
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of the disease in Malindi, Kilifi County and Maralal, 
Samburu County in Kenya were 25% and 27%, 
respectively [6]. 

Globally, brucellosis continues to be a major 
veterinary and public health problem especially 
where livestock are a major source of livelihood 
despite the efforts to achieve eradication from a 
number of developed countries [7]. In Marsabit 
County in Kenya, livestock contribute immensely to 
the livelihood of the residents of whom are 
predominantly pastoralists keeping mainly sheep, 
goats, cattle and camels. The frequent interactions 
between humans and livestock increases their 
susceptibility to zoonotic diseases. The endemicity 
of brucellosis in Marsabit County can be attributed 
to expansive livestock herds; uncontrolled livestock 
movements; inadequate veterinary support 
services; and vaccines and husbandry practices that 
increase the risk of infection. The true burden of 
brucellosis is often underestimated due to 
misdiagnosis. The aim of this study was to estimate 
the seroprevalence of human brucellosis, 
determine the risk factors of transmission and 
assess the knowledge attitude and practices of 
communities in control of brucellosis in Marsabit 
County, Kenya. 

Methods     

Study sites: the study was conducted in Marsabit 
County from 2013 to 2014. It is the largest County 
in Kenya located in the northern part of the country 

with a size of 66,923 Km2; with a total human 
population of 291,166 people and density of 4 

people per Km2[8]. It is bordered to the North by 
Ethiopia, to the West by Turkana County to the 
South by Samburu County and Isiolo County, and to 
the East by Wajir County. It borders Lake Turkana 
on the western side hence its daily average relative 
humidity is estimated to be 65% all year round [9]. 
It is an Arid and Semi-Arid land (ASAL) with high 
temperatures, low rainfall and poor soils with a 
vegetation cover of shrubs [10]. Pastoral livestock 
keeping is the main economic activity of the 
community. It is divided into North Horr, Moyale, 

Laisamiss and Marsabit sub-counties as indicated in 
Figure 1. 

Study design and sampling: a cross-sectional study 
was undertaken using a multi-stage sampling 
method. The sample size was determined based on 
methods that have a de-fined precision in the entire 
population, a priori estimate of brucellosis 
seroprevalence (P) of 15% [6] and confidence level 
of 95%. The required sample size was estimated to 
be 196 humans which was increased to 815 after 
adjusting for clustering using intra-household 
correlation coefficient of 0.04 [11]. The number of 
the primary sampling units used was determined 
using earlier methods by Dohoo et al. [12] as stated 
in the formula below: 

 

Where: n is the required sample size. Zα is the value 
of the Z statistic that corresponds to a level of 
confidence of 95% (1.96). P denotes the prevalence 
(15%) of brucellosis [6] q=1-p L is the precision of 
the estimate set at 0.05. With solution:  

 

n=196 people. N=196 animals per species. 
Adjusting for clustering: n'=n(1+ρ(m-1)) Where: n' 
is the adjusted sample size n is the unadjusted 
sample size (196); ρ is the intra-household 
correlation coefficient set at 0.04 [13] and m is the 
average household size of five. With the solution: 
n'=196(1+0.04(5-1)); n'=815 human samples (or 
271 households); n'=815 animals per species (or 54 
herds).  

Study sites selection: in January 2014, a systematic 
multi-stage sampling method was applied where 
nine sub-locations were randomly selected from 
the list of all the sub-locations in Marsabit County 
as per the Kenya national bureau of statistics 
(KNBS) [14]. The selected sub-locations were; 
Dabel, Dambala Fachana, El Hadi, Furole, 
Gurumesa, Illaut, Irir, Majengo, Odda and Rukesa 
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Qarsa. The households were then selected 
randomly within selected sub-locations. In each 
selected sub-location, random geographical 
coordinates were generated in ArcGIS to identify 
the number of households to be sampled. Sampling 
was then conducted in one household per geo-code 
within 5 km radius as shown in Figure 2. 

Households identification: a handheld global 
positioning system (GPS) receiver was used to 
navigate to the selected geocode. A household to 
be sampled was then randomly identified using 
“spin the bottle” method. In this method, a pen or 
bottle was spun on a surface and the first 
household towards the direction where the mouth 
of the bottle or pen tip pointed to was selected. 

Sampling of humans: in the selected households, a 
maximum of 3 persons were sampled. All persons 
living in the selected household including the 
herders were listed and the three were randomly 
selected. The study population were strictly 
persons aged 5 years and above. 

Data collection: data collection was done using a 
standardized questionnaire in a personal digital 
assistant (PDA) and geographical coordinates of the 
sampled households recorded using GPS receivers. 
The structured questionnaire was administered via 
personal interviews to the household head. The 
data collected was on household history of 
brucellosis, education level, socio-economic status 
and demographic characteristics. The 
questionnaire also assessed the knowledge, 
attitude and practices of the community towards 
brucellosis. 

Blood sample collection: bar coding system was 
used to label all the cryo-vials and vacutainer tubes 
that were used in sampling. The sample codes were 
serialized such that each 5 labels bore the same 
code, e.g. H08105226 for specimens. Care was 
taken to ensure that a matching label was fixed to 
the vacutainer tube and a human tracking sheet. 
The remaining two labels were transported and 
delivered to the laboratory with the sera zip-lock 
bag together with the sample collection form. The 

identity of the label was counter checked to ensure 
that it was identical to the forms and sample vials. 
Five (5) to 7 ml whole blood was drawn via 
venipuncture of the median cubital vein using a 
barcoded heparinized Ethylenediaminetetraacetic 
acid (EDTA) vacutainer tube. The sample was kept 
at room temperature for 20 min, centrifugation 
was done for 10 min at 2419.2g. Sera were 
recovered as aliquots into cryovials and stored at -
80°C for shipping and analysis at the Kenya medical 
research institute (KEMRI)/centers for disease 
control and prevention (CDC) laboratory in Kisumu. 

Laboratory analysis: serological tests on samples 
were done using the Immuno-Biological 
Laboratories (IBL)-America IgG ELISA kits according 
to the manufacturer´s instructions using a 96-well 
plate pre-coated with inactivated Brucella antigens. 
Briefly, human sera was diluted at 1: 101 with the 
kit sample diluent then added to microtiter plates 
pre-coated with Brucella (Brucella abortus strain 
W99; lysate of a NaCl extract) antigen. All sera and 
controls were run in duplicates. This was incubated 
at room temperature for 1hr after which the plates 
were washed, conjugate then added and incubated 
for 30min. Following a wash cycle, substrate was 
added and incubated for 20min. The conjugate-
substrate reaction was terminated by the addition 
of a stop solution. Optical densities (ODs) for the 
samples were read at 450 nm. To minimize 
infections strict biosafety measures were observed; 
all specimens were handled in BSL-2 lab and 
performed under a safety cabinet. All Brucella 
positive specimens for culture were handled for 
identification in BSL-3 lab without retaining aliquots 
in BSL-2 [15]. 

Statistical analysis: data were cleaned in excel 
before being imported to R statistical software 
version 3.0.2 for analysis. Descriptive statistics 
were used for explorative analysis including the 
prevalence estimates which was determined as a 
fraction of total positives of the entire number of 
people tested. Generalized linear models (GLM) 
were used to determine the association between 
human brucellosis infection and the risk factors. 
The response variable used was the serological test 
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result. The apparent sero-prevalence was 
determined at individual and household levels. A 
seropositive household was defined as any 
household with at least one person who was 
seropositive. The independent variables comprised 
the socio-economic and demographic variables 
that included age, gender, education level and 
primary occupation. Animal-related human factors 
analyzed included livestock ownership, animal 
contact, working with hides/skins, symptoms 
experienced within the last year, milk and meat 
consumption habits and contact with manure and 
other byproducts. The serological test result, age 
and sex were collected at individual level while the 
rest of the human variables were collected at 
household level. Univariate analysis was first 
conducted for each potentially explanatory risk 
factor. The multivariate model included all the 
significant variables (p-value < 0.05) from the 
univariate analysis, we sequentially dropped age 
category, education level, consuming milk from the 
market, consuming undercooked or uncooked 
blood, handling hides, milking, slaughtering, 
cleaning barns and assisting in delivery. The model 
with the lowest akaike information criterion (AIC) 
was considered as the most parsimonious. The 
goodness-of-fit of the final model was tested using 

residual deviance chi-square (χ2). 

Results     

Household demographics and characteristics: a 
total of 755 individuals from the 227 households 
participated in the study. Slightly more than a half 
(50.1%) of the respondents were males and the rest 
were females (Table 1). The average age was 35 
years. Sixty-eight (68%) of the respondents had no 
formal education while only 5.28% of the 
respondents had formal education beyond the 
primary level. The primary occupation of 50.3% of 
the respondents was livestock farming (Table 1). 
The average household size was five people and 
89% of household members consumed milk from 
their animals. A high proportion (92%) of household 
members consumed un-boiled milk. A vast majority 
(87%) of households disposed aborted fetuses and 

placenta from animals inappropriately by feeding 
to dogs and leaving it on the pastures. Almost all 
the surveyed households (88.5%) practiced 
nomadic pastoralism and the rest, particularly 
those from the arable part of Marsabit, were agro-
pastoralists. 

Sero-prevalence: a sero-positivity of 44% (332/755) 
was detected for Brucella antibody in humans. 
There were variations in seropositivity according to 
sub-locations ranging from 60% in Furole to 25% in 
Gurumesa sub-location (Table 2).  

At household level, 73% (166/227) of the sampled 
households had at least one member testing 
positive for Brucella antibodies. 

Risk factors associated with sero-positivity 

Individual factors: univariate analysis showed that 
handling raw meat and hunting were not 
significantly associated with seropositivity. Table 3 
shows the individual level analysis with outcome 
variable being seropositivity, the independent 
variables were gender, age category, education 
level, primary occupation, consuming packed milk, 
consuming milk from own animals, consuming milk 
from the market, consuming undercooked or 
uncooked blood, handling hides, milking, herding, 
slaughtering, cleaning barns and assisting in 
delivery. Students were less likely to be infected 
with brucellosis compared to people in other 
occupations (OR=0.3984). Similarly, respondents 
with formal education were less likely to be 
infected with brucellosis than those with no 
education. People who consumed pasteurized milk 
were less likely to be infected than those who 
bought their milk from the market. The rest of the 
variables were risk factors associated with 
brucellosis infection among the community as 
shown in the (Table 3). The multivariate model 
indicated that being a male herder increased the 
risk of infection by almost twice (OR=1.8136) 
compared to females. People who were either 
students, farmers, skilled or non-skilled off farm 
workers were less likely (OR=0.3053, 0.9038, 
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0.7749 and 0.2010 respectively) to be infected with 
brucellosis than housewives (Table 4). 

Household factors 

Univariate: using the household prevalence as 
outcome variable, the analysis showed that the 
significant factors associated (p-value < 0.05) with 
the household brucellosis sero-positivity included; 
consuming milk from own animals, consuming milk 
from vendors shop, feeding aborted materials to 
dogs, keeping sheep, boiling milk before use and 
assisting in delivery. There was less likelihood of 
infection in households that consumed boiled milk 
compared to raw milk consumption (OR=0.2553, P 
value < 0.005). Household that kept sheep were 
twice more likely to have infections of brucellosis 
compared to those that didn´t . Households where 
members assisted animals during delivery were 7 
times more likely to have a higher rate of 
brucellosis compared to the unassisted deliveries. 
Table 5 provides a summary of the univariate 
analysis at the household level. 

Multivariate:the multivariate model showed that 
households feeding aborted materials to dogs were 
not significantly associated with brucellosis sero-
positivity (p> 0.05) , the variable was therefore 
dropped from the model. All the other factors that 
were significant (p < 0.05) were considered as part 
of the most parsimonious model. Households 
where milk was boiled before consumption were 
less likely (OR= 0.404) to have a higher rate of 
brucellosis infection than those consuming raw 
milk. Households that consumed milk from their 
own animals were much less likely (OR=0.1754) to 
have infections compared to hose sourced 
elsewhere. Households that kept sheep and those 
that had members who assisted animals during 
delivery were more likely to have higher infection 
rates of brucellosis compared to those that didn´t 
rear sheep and those who never assisted in delivery 
respectively (Table 6). 

 
 

Discussion     

The seroprevalence of human brucellosis was 
estimated at 44% in Marsabit County, which was 
higher compared to 5.7% estimated in Kiambu 
County [16] and relatively significant compared to 
32% Kajiado County where nomadic pastoralism is 
also practiced. Kiambu County´s livestock 
production system is zero-grazing implying that 
there is minimal contact of animals between herds 
and thus the risk of spread of infection is  
reduced [17]. The overall household 
seroprevalence was 73%, which is significantly 
higher compared to the mixed agro-pastoral 
Kajiado county and the agro-based Kiambu County 
with 27% and 18% respectively [18]. The high 
prevalence of brucellosis in the pastoral areas of 
Marsabit concurs with findings from related studies 
in Kyrgyzstan which attributed the transmission of 
human brucellosis to direct contact with animals 
and also some animal products or indirectly 
through ingestion of their products [19]. Recent 
studies in Kenya indicate that nomadic pastoralists 
are less likely to comply with practices that would 
minimize brucella infection despite having 
significant knowledge on risk and transmission of 
the disease, occupational hazards and cultural 
practices of consumption of animal products [17]. 

The community of Marsabit County largely (88.5%) 
practice pastoralism and are involved in practices 
that enhance human contact with animals and 
animal products and thus the high transmission and 
infection rates of the disease. Consumption of raw 
milk posed the highest risk among 82.82% of the 
community members, this has also been reported 
in other studies that associated transmission of 
Brucellafrom animals to human via consumption of 
raw milk [18]. Lack of education and residing in 
deeply remote areas was associated with limited 
knowledge on transmission and control of 
Brucellosis. We detected an overall individual 
seroprevalence of 43.97% (332/755) CI (34.24%, 
53.70%), which varied between 24% to 57% across 
all the selected sublocations, an overall household 
seroprevalence of 73.13% (166/277) was estimated 
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where at least one member was positive for 
brucellosis and about 54% of the seropositive 
households had two or three individuals positive. 
This is relatively higher compared to the household 
prevalence of brucellosis in humans from Kiambu 
County which was 5.7% (25/433) and 31.8% 
(87/274) in Kajiado County [16]. 

The estimated seroprevalences in this study is 
considerably higher in comparison to other studies 
conducted in Kenya, which reported household 
sero-prevalence of 5.0%, in Kiambu and 5.6% in 
Kajiado County [20]. This higher prevalence may be 
attributed to low education levels, nomadic 
pastoralism that allows the free movement and 
mixing of stock during grazing and aggregation of 
animals around water holes that may intensify or 
amplify infections. This has also been reported in 
predominant pastoral production systems in 
Ethiopia and Uganda [21]. The risk factors 
associated with high seropositivity were advanced 
age, being a male, consumption of unpasteurized 
milk, herding, feeding and milking animals and 
handling hides. These have been related reports 
Tanzania where the risk of human brucellosis was 
due to transmission through direct contact with 
animals or their products or indirectly through 
consumption of their products [22]. There is need 
to develop and optimized diagnostic algorithms for 
brucellosis in humans to overcome the challenges 
in clinical diagnosis that have been reported in the 
Mediterranean region, these tests may be used in 
differential diagnosis with other acute febrile 
illnesses [23]. 

Conclusion     

Brucellosis sero-prevalence in humans is higher in 
areas where nomadic pastoralism is practiced. This 
is due to the high contact between the animals and 
humans as well as practices like consumption of 
raw milk. The community knowledge on brucellosis 
is inadequate to enable the community in 
implementation of effective control practices that 
would minimize human exposure and infections. 
Therefore, there is a great need for behavioral 

communication change to sensitize the community 
on desisting from consumption of raw milk and 
implementation of control strategies like livestock 
vaccinations and improved hygiene. 
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CDC-Kenya project “Epidemiologic and Laboratory 
Assessment of the Burden of Brucellosis in Kenya” 
that was funded by Defense Threat Reduction 
Agency (DTRA) to MKN. MN is a Soulsby One Health 
fellow, he receives funding from the GCRF, One 
Health Regional Network for the Horn of Africa 
(HORN) project, UKRI and BBRSC: BB/P027954/1 
and Soulsby Foundation. Funders had no role in the 
design, analysis and interpretation of the results. 

What is known about this topic 

 There is widespread occurrence of human 
and animal brucellosis among pastoral 
communities in Kenya; 

 There are significant differences in 
knowledge, attitudes and practices in 
management of human brucellosis between 
nomadic and non-pastoralist communities 
in Kenya; 

 There is high risk of human brucellosis 
among pastoralists due to animal 
interactions. 

What this study adds 

 Status of knowledge, attitude and practice 
gaps of human brucellosis in a pastoralist 
community of Marsabit County in Kenya; 

 Understanding of animal and environmental 
risk factors leading to high burden of human 
brucellosis in Marsabit County in Kenya. 
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County, 2013 

Table 2: distribution of sero-prevalence of human 
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Table 1: demographic characteristics of human respondents in sampled households, Marsabit 
County, 2013 

Variable Level Number Proportion (%) 

Sex Female 378 49.9 

  Male 377 50.1 

Education Level No education 511 67.7 

  Primary 190 25.2 

  Secondary 33 4.4 

  Post-Secondary 16 2.0 

  Other 5 0.7 

Occupation Works Farm/Farmer 380 50.3 

  Salaried off farm skilled 42 5.56 

  House wife 56 7.4 

  Salaried off farm off skilled 88 11.7 

  Student 172 22.8 

  Others 17 2.3 

 

 

 

Table 2:  distribution of sero-prevalence of human 
brucellosis by sub-location 

Sub location No. 
tested 

Number 
positive 

Proportion 
(%)Positive 

Dabel 114 64 56.1 

Dambala 
Fachana 

30 17 56.7 

El Hadi 66 38 57.6 

Furole 40 24 60 

Gurumesa 97 24 24.7 

Illaut 72 41 56.9 

Irir 31 15 48.4 

Majengo 118 40 33.9 

Odda 81 30 37.0 

Rukesa Qarsa 106 39 36.8 

  755 332 46.81 
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Table 3:   univariate analysis using ELISA test result as the response variable at individual level   

Variable Estimate Odds Ratio Confidence intervals 
(95%) 

P-value 

      Lower Upper   

            

Gender 
(ref=female) 
Male 

0.4148 1.5141 1.1348 2.0233 0.0049 

Age category 
(ref=child) 
Adolescent 
youth mid-age 
old 

    0.3691     0.8056     0.8710     1.2111         1.4464 
2.2380 2.3892 
3.3571 

    0.8221 
1.3463 
1.4575 
1.8281 

    2.5739 
3.7943 
3.9997 
6.2789 

    0.2037    0.0022 
0.0007 0.0001 

Education level 
(ref=no 
education) 
Primary 
Secondary 
Post-secondary 
Other 

    -0.8407 -1.1825 -1.5094 -1.42935        0.4314 
0.3065 0.2210 
0.2395 

    0.3016 
0.1273 
0.0502 
0.0122 

    0.6114 
0.6640 
0.6956 
1.6323 

    3.02e-6 0.0045 
0.0196 0.2025 

Primary 
occupation 
(ref=housewife) 
Student Farmer 
Salaried off 
farm non 
skilled Salaried 
off farm skilled 

    -0.9204 0.1476   -0.2744 -1.4470     0.3984 
1.1591 
0.7600   0.2353 

      0.2135 
0.6596 
0.3866 
0.0881   

      0.7402 
2.0369 
1.4894 
0.5770 

      0.0036 0.6062 
0.4238 0.0023   

Packed milk 
(ref=no) Yes 

-1.3861 0.2500 0.0928 0.5696 0.0023 

Own animals 
milk (ref=no) 
Yes 

0.4781     1.6130 1.1578 2.2605 0.0051 

Market milk 
(ref=no) Yes 

-0.8980 0.4074 0.2498 0.6458 0.0002 

Raw blood 
(ref=no)  Yes 

0.3598 1.4331 1.0181 2.0188 0.0391 

Hides (ref=no) 
Yes 

0.2913 1.3382   1.0015   1.7892   0.0490 

Milking 
(ref=no) Yes 

0.5409     1.7175   1.2527   2.3662   0.0008 

Herding 
(ref=no) Yes 

0.3775     1.4587   1.0790   1.9776   0.0145 

Slaughtering 
(ref=no) Yes 

0.5923 1.8082 1.3276 2.4674 0.0002 

Cleaning barns 
(ref=no) Yes 

0.3212     1.3788 1.0133 1.8822 0.0419 

Assisting in 
delivery 
(ref=no) Yes 

0.4342     1.5437 1.1563 2.0644 0.0033 
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Table 4:   multivariate analysis at individual level 

Variable estimate Odds Ratio Confidence intervals 
(95%) 

P value 

      Lower Upper   

Gender (ref=female) Male   0.5953     1.8136   1.0109   3.2932   0.0477 

            

Herding (ref=no) Yes   -
0.6412     

  0.5267   0.2857   0.9542   0.0365 

Primary occupation (ref=housewife) 
Student Farmer off farm non skilled 
off farm skilled 

    -
1.1864     -
0.1012     -
0.2550     -
1.6044     

    0.3053 
0.9038 
0.7749 
0.2010 

    0.1507 
0.4958 
0.3602 
0.0692 

    0.6134 
1.6460 
1.6674 
0.5435 

    0.0009 
0.7401 
0.5132 
0.0021 

Market milk (ref=no) Yes   -
0.6227     

  0.5365   0.2880   0.9753   0.0447 

Packed milk (ref=no) Yes   -
1.3670     

  0.2549   0.0925   0.5988   0.0035 

GenderMale*MilkingYes -1.0761     0.3409 0.1204 0.9422 0.0397 

GenderMale*HerdingYes                        1.0403     2.8300 1.0704 7.6291 0.0371 

 

 

 

Table 5:   univariate analysis at household level 

Variable estimate Odds Ratio Confidence intervals (95%) P value 

      Lower Upper   

Use milk-own animals 
(ref=No) Yes 

  -1.9772         0.1385   0.04648706    0.3700407   0.000145 

Feeding aborted materials to 
dogs (ref=no) Yes 

  -
0.8834        

  0.4134   0.2256842    0.7519644   0.00391 

HH member assist delivery 
(ref=no) Yes 

  1.9521       7.0432   1.8873   33.5636   0.0058 

Keeping sheep (ref=no) Yes 0.8145     2.2580 1.2479 4.1333 0.00749 

Boil milk before use(ref=no) 
Yes 

  -1.3652       0.2553   0.1306   0.4953   5.968e-05 
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Table 6:   multivariate analysis at household level 

Variable estimate Odds Ratio Confidence intervals (95%) P value 

      Lower Upper   

Taking milk from own 
animals (ref=no) Yes 

  -1.7407       0.1754   0.0538   0.5258   0.0024 

Boiling milk before 
use  (ref=no) Yes 

  -0.9062       0.4040   0.1939   0.8462   0.0155 

Assisting in delivery 
(ref=no) Yes   

  1.6939       5.4407   1.2168   29.1572   0.0312 

Keeping sheep (ref=no) 
Yes   

  0.8495       2.3385   1.1856   4.6997   0.0151 

 

 

 

 

Figure 1: map of Kenya showing the geographical 
location of Marsabit County 
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Figure 2: map of Marsabit County showing the study sub-
locations and households 

 


