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Background: In this study, we focused on three zoonotic brucellosis risk groups; abattoir
workers, febrile cases at Wau hospital and cattle herders, in Bahr el Ghazal region,
South Sudan. Competitive c-ELISA was used to detect anti-Brucella antibodies in 725
individuals between December 2015 and May 2016. In addition, questionnaire metadata,
focus group discussions and key informant interviews were used to characterize the
epidemiology of zoonotic brucellosis in this region.

Results: Overall, we estimate 27.2% (95% Cl = 23.9-30.6) brucellosis sero-prevalence;
32.1% (95% Cl = 26.2-38.4), 23.0% (95% Cl = 19.1-27.4) and 34.6% (95%
Cl = 24.4-46.3) among abattoir workers, febrile cases, and herders, respectively. Marital
status (Single, OR = 0.58, 95%CI: 0.36-0.91, P = 0.02) and ethnicity (Kerash OR = 6.01,
95%Cl: 1.97-21.10, P = 0.003 and Balanda, OR = 3.78, 95%Cl: 1.42-12.02, P = 0.01)
were associated with brucellosis. While gender and ethnicity were important factors for
general awareness of zoonotic diseases. Highly ranked occupations at risk included
veterinarian, butchers and milk handlers. We also identified covariate patterns for clinical
diagnostics and public health interventions.

Conclusion: We report the highest sero-prevalence of zoonotic brucellosis in three
risk groups in the East African region. All this is not only occurring in a population with
limited awareness that brucellosis is a zoonotic disease but also where one in nine
health workers tested was sero-positive. We identified social demographic associations
with brucellosis, however, the qualitative analysis suggests these are more complex and
nuanced. Therefore, future studies could benefit from the use of the mixed methods
approach to add extensiveness and depth to our understanding of zoonotic disease
drivers, in order to implement mitigating measures such as cattle vaccination.
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INTRODUCTION

Brucellosis is a neglected bacterial zoonotic disease that
is transmitted through consumption of unpasteurized milk,
undercooked meat from infected animals, or by contact with
their secretions (1). The disease came to prominence during
the 1850’s Crimean war in Malta, which claimed thousands of
British soldiers, hence the name “Malta disease” (2). Unlike
tuberculosis, the case fatality due to brucellosis is extremely
low, and the morbidity [expressed in disability-adjusted life
years (DALYs)] is complex to estimate (3), hence the lack of
annual epidemiological reporting at global level (4, 5). The
disease is caused by four species of Brucella; B. melitensis
(mainly goats, sheep, camels, but also cattle), B. suis (pigs),
B. abortus (mainly cows, buffalo, camels, yaks, but also sheep
and goats), and B. canis (dogs). All the four species can cause
disease in human however, B. melitensis is the most prevalent
(6). The disease is characterized by a wide range of signs in
humans, however, undulating febrile episodes, night sweats and
muscular weakness ultimately leading to abortion in pregnant
women are the most noticeable signs (7, 8). Brucellosis has
been eradicated in some developed countries, it however remains
to be seen if the strategies currently implemented in Latin
America and the Mediterranean countries will yield similar
results (9). In Sub Saharan Africa (SAA), brucellosis is endemic
in animals (10, 11) and because of the weak food safety and
public health infrastructure, it is arguably endemic in the human
population as well. The epidemiological overlap of brucellosis
and other febrile-centric diseases in humans like malaria, makes
differential diagnosis in areas with weak diagnostic capacity
extremely complicated and expensive (12, 13). This is possibly
why clinicians in SAA attribute most febrile cases to malaria,
even though approximately 50-80% of fevers result from other
causes (13) like brucellosis, Rift Valley Fever, bird flu and
Yellow Fever among others (14). The clinical and epidemiological
picture is further compounded by the disproportionately low
levels of resourcing for disease management, surveillance and
strategic control (13, 15). Diseases like brucellosis that are
primarily augmented by the host environment have the potential
to cripple entire human communities, and yet the strategic
control approaches rest on the rarely documented dynamics
of such communities (16). Some countries like Ethiopia have
instituted ad-hoc multidisciplinary task forces under the one-
health umbrella to spearhead community centered zoonotic
disease control. Such efforts aim at documenting disease
dynamics to support context-specific policy formulation (17). A
country like South Sudan currently lacks both the evidence-based
strategy and the necessary peaceful environment to implement
any zoonotic disease control programs (18, 19). This not only
represents a genuine trans-boundary disease control challenge
for the region but also for the South Sudanese communities,
for example; the absence of a livestock and livestock products
inspection system means that infected animals can be imported,
reared and slaughtered for human consumption (20). Like many
other SAA countries, the risk of brucellosis varies along the
livestock and foods of animal origin value chain. The high-risk
groups will be people that interact with live livestock, slaughtered

livestock, and or milk and its products. Such groups include
herders, dairy processors, veterinarians, butchers and the general
public that consumes products of livestock origin (21, 22). There
is a specific absence of epidemiological data on brucellosis for
these high-risk groups in South Sudan, possibly because the
country has been at war for the last half of a century (23).
Such information is critical for designing robust and sustainable
control measures to support the growing health care system in
South Sudan. For example; by identifying the species of Brucella,
hotspots for livestock reservoir species, risk groups and drivers
can be mapped for national task groups to design and implement
cost effective targeted public health interventions (24). Recently,
in Sudan, Brucella melitensis and the S19 anti-Brucella abortus
vaccine strain were isolated from farmworkers employed at two
cattle farms (25), while Brucella abortus has been isolated from
sheep in the Kassala state Eastern Sudan (26).

These examples highlight the complexity and need to
understand brucellosis at the livestock-human interface where
different Brucella species exist and mixed herding practiced
(27). Therefore, we focused on three risk groups; cattle herders,
abattoir workers and febrile cases at Wau hospital in order to
unpick these complex dynamics in Bahr el Ghazal region of South
Sudan. We screened these individuals for Brucella antibodies,
examined their awareness of zoonotic diseases, as well as
profiled the socio-anthropological factors associated with being
sero-positive. Furthermore, we used the dataset generated to
identify covariate patterns that could be used to enhance clinical
diagnostics as well as contextualize public health intervention in
South Sudan.

MATERIALS AND METHODS
Study Design

This cross-sectional study was carried out among abattoir
workers, herders and febrile patients in Bahr el Ghazal region,
South Sudan between December 2015 and May 2016. We
used both quantitative and qualitative data collection methods
to assess the awareness of zoonotic diseases in general but
specifically brucellosis; its causes, transmission, and major
symptoms of the disease. The study was designed along the
brucellosis risk chain including three risk groups in Bahr el
Ghazal region; (A) Cattle herders, who owned and reared
cattle herds from cattle camps in Tonj and Aweil states. (B)
Abattoir workers, these were individuals involved in various
cattle slaughter activities in four abattoirs in Tonj, Aweil, Kuajok,
and Wau. (C) Febrile cases at Wau hospital, these included all
cases received at this hospital with a fever during the period
of sampling. The febrile cases originated from Tonj, Aweil,
Kuajok, and Wau. The framework in Figure 1 shows the routes
of transmission of brucellosis right from the field where cattle
were reared, the abattoir where they were slaughtered, and in the
community where meat and milk were consumed (see Figure 1).
The febrile cases at Wau hospital represent potential brucellosis
cases coming from the general community. Note that we focused
on four states within Greater Bahr el Ghazal region i.e., Tonj,
Aweil, Kuajok, Wau, primarily because of their “relative stability”
during a period of armed conflict.
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nine were dropped from our dataset due to lack of complete data.

FIGURE 1 | Conceptual Framework showing the risk chain of brucellosis among the three risk groups. FC, febrile cases. Please note that we sampled 87 herders, but

Study Site

Greater Bahr el Ghazal region is located in the Northwestern part
of South Sudan. The region consists of vast land with iron plateau
and swamps spread within its ten states of Aweil, Aweil East,
Gogrial, Lol, Tonj, Twic, Wau, Gok, Eastern Lakes, and Western
Lakes (see Figure 2). South Sudan has approximately 12 million
heads of cattle, half of which are found in Greater Bahr El Ghazal
region (23). Therefore, the majority of the ethnic groups, which
occupy these areas, subsist on livestock.

Sample Size

Our abattoir workers’ sample size (1) was determined using
Epitools online http://epitools.ausvet.com.au based on the
following assumptions; a 10% sero-prevalence reported in
Omdurman, Sudan (28), a total population of abattoir workers
in the four states to be ~ 1000, a desired precision (o) = 0.05,
and a detection power () = 86% of the ¢ ELISA (29). Then,
we had to sample ~ 100 abattoir workers, approximately 25
per abattoir. We however managed to sample n = 234 abattoir
workers randomly.

Approximately 7500 febrile cases were seen at Wau hospital
during the study period. As there were no published brucellosis
sero-prevalence estimates for febrile patients in South Sudan, we
assumed 50% sero-prevalence. Using the same assumption as
in the previous section, we needed to screen 262 febrile cases.
However, given that the study was conducted in a time frame
longer than initially anticipated with consent, we sampled 416
febrile cases.

Since herds are owned and maintained in cattle camps, this
means that large numbers of cattle are clustered in fewer than 150

cattle camps. We conveniently screened 87 herders from 6 cattle
camps in two of the four states (Tonj and Aweil). We screened
fewer herders than we actually contacted because some did not
agree to participate in the study.

Sampling Strategy, Collection and

Transportation
In general, our sampling was purposive in nature, guided by the
prevailing security at the time. A list of all abattoir workers from
an abattoir in each of the four states was obtained and used
to randomly select individuals to screen. From Wau hospital,
we conveniently screened febrile cases who presented at Wau
hospital during the study period and had consented to be part.
On the other hand, 1-3 cattle camps were selected in
each of the two states. We obtained a list of herders
in each of the camps, but only took samples from those
that consented to participation in this study. From all the
participants, a blood sample was drawn from the cephalic
vein by our team of registered nurses, approximately 5ml
of blood were collected from each participant. These samples
were then kept at room temperature and tilted at an angle
of 45° for 6-8h to allow for clotting. A questionnaire was
also administered to each of the participants and here we
collected information on the individual’s occupation (specific
activity within the defined risk groups), age, sex, marital status,
ethnicity, knowledge of zoonotic diseases, routine practices and
attitudes of the participants were captured through interviews
as described in the next section. The sera were aliquoted
into new sets of labeled Eppendorf tubes, stored on ice packs
and transported to Wau Teaching Hospital Laboratory, and

Frontiers in Public Health | www.frontiersin.org 3

June 2019 | Volume 7 | Article 156


http://epitools.ausvet.com.au
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Madut et al.

Epidemiology of Brucellosis in South Sudan

2500
I

Legend

*  Study site

@ hospital

«  Slaughter_house

O TOWN

[ state_boundary
| District boundary

10008
1

Raga

WESTERRBAHREL Gt

N

Aweil North \
Aweil East
e R ~ \ Twic
HyamaWeil West &) N @
SN ™~ e “\_~ S Gogrial East_-
-NORTHERN.BAHR EL GHAZAL /" ogrial West L =
7 N [ —

7,//

J
WESTERN BAHR EL GHAZAL

T
1000N

§

“(_Aweil South
X FrAwad:

;o
[ Kue
FaN J % ~c

o

o f WARRAP,

Aweil Centre

JPucton Tonj North
e Hi-mango
A * .

‘»;,,\ \ Jur River

Tonj East
whed v

kwangi
2
[ I

Wau

[Central African Republie

Dutum

D_WGS_1984] ¢
Projection

GCS Zone 36

[
25 50 100 150
Kilometers

FIGURE 2 | Map showing the study sites, namely; the four states where this study was conducted, the location of abattoirs, cattle camps and Wau-hospital.

kept in a deep freezer at —80°C. The samples were then
transported by air to the Central Diagnostic Laboratory at
Makerere University, College of Veterinary Medicine Animal
Resources and Biosecurity, Kampala-Uganda.

Qualitative Data Collection

We conducted eight Focus Group Discussions (FGDs) and Key
Informant Interviews (KII). All participants consented to being
recorded during the interviews and discussions. Trained note
takers were at the same time capturing the whole conversations
for cross validation. A trained modulator was involved in
engaging the participant (s) in a discussion or interview about
brucellosis. This meant that a team of three (3) individuals
which consisted of the modulator, person recording and note
taker were involved in conducting the qualitative part of
our study.

Focus Group Discussions (FGDs)

Each FGD took up to 1h of discussion with the participants.
The FGD participants included the general population that never
participated in the quantitative part of the study. Two Focus
groups were held in each of the four states making a total of eight
FGDs. The group size was about 6-8 individuals and participants
were selected to ensure homogeneity in the group by considering
characteristics such as; sex, occupation, owning cattle, location,
among other factors.

Key Informant Interviews (KII)
Key informant interviews were held with veterinary officers,
medical professionals and general directors from veterinary and

health ministries in the four selected states. Either a medical
officer and a veterinary officer or a general veterinary director
were interviewed for each state. In this effect, we interviewed two
key informants per state, and each KII took approximately half
an hour.

Serology

Competitive Enzyme Linked Immune Sorbent Assay
(c-ELISA)

A competitive ELISA that was primarily set-up for the
detection of anti-Brucella antibodies in livestock, was
validated for the detection of anti-Brucella antibodies in
human patients in Tanzania (30). This c-ELISA has been
used in both humans and cattle in the same study as that
in the Serengeti National Park, Tanzania (31). We have
used the same strategy in this study by using the brucellosis
Serum P04130-13 and brucellosis antibody test kit from
IDEXX (there has been no other test used). The test was
performed following the manufacturer’s guidelines accessible
at www.IDEXX.com.

Data Management and Analysis

Data Assembly

The results from the serology test were then merged with the
questionnaire and individual bio data for each risk group in
SPSS versions 24. For the purpose of validation, a double-
blinded data entry and merge was used, after which the two
sets of entries were compared for agreement. The three data
sets from each of the risk groups were then merged into
one database (SX) which was used for analysis. Qualitative
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data was transcribed from audio to text, the text was then
consolidated with the notes taken during each of the KII
and FGDs.

Data Analysis

Quantitative data

The established dataset was exported to R version 3.4.2.
For statistical analysis; descriptive statistics, proportions and
percentage of the Brucella positive against number of individual
variables were run. Univariable logistic regression was used
to identify significant bi-variable associations with various
individual knowledge and practice variables. Note that at this
point, the outcome variable on the individual tests was whether or
not an individual tested positive or negative on the c-ELISA. The
output was used to select factors that could be used in developing
alogistic regression model. This model was developed to identify
potential drivers of zoonotic brucellosis, in this area. The model
was developed by adding variables in a forward selection process
adjusting for confounding, starting with variables that had the
lowest p-value from the univariable analysis. Only variables
that had a p < 0.25 were included in the model, these were
added and removed to see if they still retained their level of
statistical significance (p < 0.05), as well as checked for potential
confounding effects. The least complex model was chosen based
on the lowest Akaike information criterion (AIC). Standard
post estimation statistics like the Hosmer-Lemeshow test was
also done. The same process was repeated with the outcome
variable of (Yes or No) as an evaluation of their awareness
that brucellosis is a zoonotic disease. This analysis was aimed
at analyzing the factors associated with awareness of which
animal diseases (zoonotic diseases) are likely to affect them
as well.

Brucellosis Risk Profiling Using

Hierarchical Clustering

This analysis aimed at identifying the age and individual-
based occupation activity that represents the highest brucellosis
risk within the three groups (herders, Abattoir workers and
febrile cases). This was done using the proportion of brucellosis
sero-positives cases along the age continuum and specific
routine occupational activities. This gives us a measure of
exposure risk per occupational activity for a given age.
We then generated a metric that represents a measure of
this risk;

§ =+
p

Where, y is the proportion of brucellosis sero-positives for
a given age, and B is the proportion of brucellosis sero-
positives for a given occupational activity. Therefore, metric
8 is a ratio of y and B. When 8§ is equal or close to 1,
then an individual’s risk is attributable to both age and their
occupational activity. If the § is >1 then the individual’s risk
is more attributable to their age while if 8 < 1, then risk is
more attributable to their occupational activity. The distribution
of this metric (3) is then presented as a color scale from cool
to hot, that is to say; blue (lowest) to brown (highest), and

plotted as heat map using heat map package in R (Figure 3).
Note that in order to improve the clarity of the image and
labeling of the heat map, we have used a random subset of the
data (n = 100).

Identification of Covariate Patterns for
Diagnostic and Public Health Use

This analysis aimed at identifying covariate patterns from a
set of explanatory factors that can be used to improve case
detection in the existing diagnostic algorithms in Wau hospital,
as well as underpin public health interventions. The set of
explanatory factors used in this analysis was identified basing
on measures of reliability and internal consistency (32) for all
the variables in (Supplementary Table 2). We obtained a set of
variables with the highest Cronbach’s alpha, (factors that were
independent but carried equivalent weight). We then created
a subset of database with these factors in addition to the
column with c-ELISA results (brucellosis status, +/-), this was
then transformed using commands in the ELRM package in
R to generate a data frame with all the possible combinations
of factor levels (covariate patterns), with their corresponding
brucellosis status. A binary variable success and failure was
generated, success was defined as a positive status for brucellosis
and trials as the number of times a unique covariate pattern
occurs. The probability of brucellosis for a given covariate
pattern was then calculated as; number of success divided by
trials. The probability of brucellosis given a covariate pattern
ranged from 0 to 1. This minimum and maximum were then
used to identify covariate patterns useful for public health
interventions and diagnostics, respectively. Note that these were
afterwards ranked by the number of trials with the highest
number of successes, and probability of brucellosis considered as
most predictive.

Qualitative Data Analysis

Tape-recorded information and notes taken during the FGDs
were transcribed and translated from the local language
(Arabic) to English, and typed into Microsoft Word (2013).
The same was done for the key informant interviews.
The analysis of the transcripts into key thematic areas
was done as previously described by the Graneheim and
Lundman framework (33). The themes included; major aspects
regarding zoonotic disease awareness, animal management
and contact, occupational practices and health seeking-
behavior. The transcripts were independently read by three
members of the team to further identify sub themes. The
themes as well as sub themes were then broadly mapped
to the objectives of the study and used to further explain
any identified statistically significant association in the
quantitative analysis.

Ethics Statement

This study involves an administration of questionnaires to
the participants, as well as blood sampling from the human
participants. For participants younger than 18 vyears old,
consent was obtained from their guardian. Therefore, the study
protocol was reviewed and approved by the ethics committee
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both age and their occupational activity. The middle band represents a group whose risk remains high across all ages. Note that 8 has been log transformed to

at Ministry of Health of South Sudan (MOH) (S1). We also
obtained ethical approval SBLS/REC/15/133 (SBLS.NA.2015
(S2) from the Ethical Review Committee of the College of
Veterinary Medicine, Animal Resources and Biosecurity
(COVAB), Makerere University, Uganda and Ministry of

Agriculture, Animal Industry and Fisheries (MAAIF)—
RSS/MLFI/DVS/J/15/7 (S3), South Sudan; Furthermore,
informed consent was obtained from the participants

before blood collection and questionnaire administration.
We also secured the necessary import and export permits
to transport samples from South Sudan to Uganda (S4
and S5).

RESULTS

Summary Statistics

A total of 725 participants were recruited in this study from
three high-risk groups namely; abattoir workers N=234, febrile
cases presenting at Wau outpatient facility N = 413, and cattle
herders N = 78. Majority of the individuals were between 20-
40 years of age. The number of males was almost half that
of females, majority of who were literate and belonged to the
Dinka ethnic group. The individuals in this study participated

in a wide variety of occupational-activities as shown in Table 1.
The overall zoonotic brucellosis prevalence was estimated at
272 % (95% CI = 23.9-30.6) with 32.1% (95% CI = 26.2-
38.4), 23.0% (95% CI = 19.1-27.4) and 34.6% (95% CI =
24.4-46.3) for abattoir workers, febrile patients and herders,
respectively. Brucellosis prevalence was highest and lowest
among the Kerash (42.9 %) as well as the Arabs (11.9 %) ethnic
group, respectively (Table 2).

Zoonotic Disease Awareness

In general, we estimate that the Furr 43.8 % (95%CI = 29.7-58.7)
and Dinka 6.1 % (95%CI = 4.0-9.2) ethnic groups scored highest
and lowest on the assessment for zoonotic diseases (Table 1),
respectively. The awareness analysis shows that individuals who
were sero-positive for Brucella were approximately two times
more likely to score highly on the zoonotic diseases awareness
assessment than those who were negative (OR = 1.88, 95%CI:
1.11-3.18, P = 0.02). So, the infected would have been aware
that brucellosis is a zoonotic disease. Females were twice likely
to score highly on the zoonotic diseases awareness assessment as
compared to the males (OR = 2.08, 95%CI: 1.06-4.25, P = 0.04).
Among the different occupations, veterinarians were more likely
to score highly on the zoonotic disease awareness assessment
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TABLE 1 | Univariable and Multivariable logistic regression analysis of socio-demographic factors and zoonotic diseases awareness.

Factors Level Zoonotic diseases Zoonotic diseases awareness x2 Un-adjusted Adjusted OR (95%Cl) Adjusted
awareness % (95%Cl) P-value (P-value)
No Yes
Brucella result Negative 448 80 15.2(12.3-18.7) 6.94 0.01 1 Ref
Positive 150 47 23.9(18.2-30.5) - - 1.88(1.11-3.18) 0.02*
Marital status Married 401 91 18.5(156.2-22.3) 0.82 0.37 1 Ref
Single 197 36 156.5(11.1-20.8) - - 0.97 (0.55-1.72) 0.92
Sex Female 272 18 6.2(3.8-9.8) - - 1 Ref
Male 326 109 25.1 (21.1-29.4) 41.50 1.18e-10 2.08 (1.06-4.25) 0.04*
Occupation Administration 11 6 35.3(15.3-61.4) 134.26 <2.2e-16 1 Ref
Butcher 110 62 36.0 (28.9-43.8) - - 1.13(0.36-3.80) 0.84
Casual worker 10 1 9.1 (4.7-42.8) - - 0.60 (0.03-5.24) 0.68
Farmer* 41 0 - - - 0.00 0.99
Health worker 7 3 30.0 (8.1-64.3) - - 0.76 (0.12-4.69) 0.77
Herdsman 6 2 25.0 (4.5-64.4) - - 1.02(0.10-8.31) 0.98
House wife 49 3 5.8 (1.5-16.9) - - 0.19(0.003-0.0) 0.05*
Unemployed 30 1 3.2 (1.6-18.5) - - 0.11(0.01-0.84) 0.06
Milker* 46 0 - - - 0.00 0.99
Police officer 17 4 19.0 (6.2-52.6) - - 0.39 (0.07-1.89) 0.25
Food sellers 46 10 17.9(9.3-30.8) - - 0.50 (0.13-1.97) 0.31
Shop keeper 14 3 17.6 (4.6-44.2) - - 0.29(0.47-1.56) 0.16
Student 113 8 6.6 (3.1-13.0) - - 0.15(0.04-0.62) 0.01*
Teacher 9 5 35.7 (13.9-64.4) - - 0.74(0.14-3.69) 0.71
Veterinarian 6 14 70.0 (45.7-87.1) - - 4.75(1.09-22.8) 0.04*
Self employed 40 2 4.8(8.2-17.4) - - 0.12(0.01-0.65) 0.02*
Others 43 3 6.5 (1.6-18.9) - - 0.13(0.02-0.64) 0.15
Literacy lliterate 247 15 5.7 (3.3-9.4) 38.22 6.3e-10 1 Ref.
Literate 351 112 24.2 (20.4-28.4) - - 2.85 (1.45-5.87) 0.003**
Ethnicity Arab 25 17 40.5 (26.0-56.7) 89.16 <2.2e-16 1 Ref.
Balanda 80 21 20.8 (13.6-30.2) - - 0.58(0.22-1.56) 0.28
Dinka 351 23 6.1 (4.0-9.2) - - 0.15(0.06-0.36) 2.51e05***
Furr 27 21 43.8 (29.7-568.7) - - 0.60(0.23-1.53) 0.29
Jur 37 12 24.5(13.5-39.2) - - 0.67(0.22-1.97) 0.47
Kerash 28 7 20.0 (9.1-37.5) - - 0.56(0.16-1.84) 0.35
Other 16 7 30.4 (14.1-53.0) - - 0.91(0.34-2.42) 0.85
Zandi 34 19 35.8 (23.4-50.2) - - 0.61(0.17-2.17) 0.45

Statistical significance: ***<0.001, **0.01, *0.05, AUC = 0.8666, AIC = 511.65. Adjusted and un-adjusted OR and P value correspond to the multivariable and univariable analysis. Nine

herders were dropped from this analysis due to lack of complete data.

as compared to administrators (Table 1). Individuals who were
literate were approximately three times likely to score highly on
the zoonotic disease awareness assessment compared to those
who were illiterate (OR = 2.85, 95%CI: 1.45-5.87, P = 0.003). It
is also important to note that belonging to Dinka ethnic group
was associated with a low score on the zoonotic disease awareness
assessment (OR = 0.15, 95%CI: 0.06-0.36, P = 2.51e-05) when
compared to the Arabs Ethnic grouping.

In general, we estimate that up to, 17.5% (95%CI =
14.8-20.5) of the respondents were aware that brucellosis
is a zoonotic disease. The brucellosis sero-prevalence among
those who were not aware that brucellosis was a zoonotic
disease was 25.1% (95%CI = 21.6-28.8), while that among

individuals who consumed raw meat and milk was 31.0% (95%CI
= 25.2-37.3) and 29.6% (95%CI = 24.3-35.4), respectively
(Supplementary Table 1).

Zoonotic Brucellosis Risk

Table 2 shows the univariable analysis of each socio-demographic
explanatory variable and brucellosis status. After adjusting for
other variables in the multivariable logistic regression model
(Table 2), it was evident that there is a statistically significant
relationship between sex, occupation, ethnicity and literacy with
zoonotic brucellosis. Individuals who were single were less likely
to have brucellosis as compared to those who were married (OR
=0.58, 95%CI: 0.36-0.91, P = 0.02), while individuals belonging
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TABLE 2 | Univariable and multivariable logistic regression model of socio- demographic factors and zoonotic brucellosis in Bahr el Ghazal.

Factor Level Brucella results Prevalence x2 Un-adjusted Adjusted OR (95%Cl) Adjusted
% (95%Cl) P-value (P-value)
Negative Positive
Risk group Abattoir workers 159 75 32.1 (26.2-38.4) 8.63 0.01* - -
Febrile cases 318 95 23.0 (19.1-27.4) - - - -
Herders 51 27 34.6 (24.4-46.3) - - - -
Age 0-19 99 24 19.5 (13.1-27.8) 6.14 0.05* 1 Ref
20-40 343 130 27.5(23.5-31.7) - - 1.14 (0.65-2.05) 0.65
41- 80 86 43 33.3 (25.4-42.2) - - 1.23(0.62-2.49) 0.55
Sex Female 312 123 28.3 (24.1-32.8) 0.54 0.46 1.27 (0.89-1.83) 0.19
Male 216 74 25.5(20.6-31.0) - - 1 Ref
Marital status Married 339 153 31.1(27.1-35.4) 11.31 0.001** 1 Ref
Single 189 44 18.9 (14.2-24.6) - - 0.58(0.36-0.91) 0.02*
Literacy lliterate 180 82 31.3(25.8-37.3) 3.21 0.07 - -
Literate 348 115 24.8 (21.0-29.1) - - - -
Ethnicity Arab 37 5 11.9 (4.5-26.4) 11.74 0.11 1 Ref
Balanda 69 32 31.7 (22.9-41.7) - - 3.78 (1.42-12.02) 0.01*
Dinka 274 100 26.7 (22.3-31.5) - - 2.48 (1.00-7.51) 0.72
Furr 34 14 29.2 (17.4-44.3) - - 2.82 (0.95-9.55) 0.07
Jur 39 10 20.4 (10.7-34.7) - - 1.91(0.61-6.72) 0.28
Kerash 20 15 42.9 (26.7-60.4) - - 6.01 (1.97-21.10) 0.003**
Zandi 16 7 30.4 (14.1-53.0) - - 3.22 (0.88-12.55) 0.08
Others 39 14 26.4 (15.6-40.5) - - 2.81(0.96-9.51) 0.07
Occupation Administration 1 6 35.3 (15.2-61.3) 33.81 0.01* - -
Butcher 110 62 36.0 (28.9-43.7) - - - -
Casual worker 9 2 18.2 (3.2-52.2) - - - -
Farmer 26 15 36.6 (22.5-53.0) - - - -
Health worker 9 1 10.0 (5.2-45.8) - - - -
Herdsman 7 1 12.5 (56.2-45.9) - - - -
House wife 40 12 23.1(12.9-37.1) - - - -
Unemployed 18 13 41.9 (39.2-74.9) - - - -
Milk handlers 31 15 32.6 (19.9-48.1) - - - -
Police officer 13 8 38.1(18.9-61.3) - - - -
Food sellers 48 8 14.3 (6.7-26.7) - - - -
Shop keeper 16 1 9(3.1-30.7) - - - -
Students 97 24 19.8 (13.3-28.2) - - - -
Teachers 9 5 35.7 (13.9-64.3) - - - -
Veterinarian 13 7 35.0 (16.3-59.1) - - - -
Self employed 33 9 21.4(10.8-37.2) - - - -
Others 38 8 17.4 (8.3-31.9) - - - -

Statistical significance: **0.01, *0.05, AUC = 0.63, AIC = 845.32, Nine herders were dropped from this analysis due to lack of complete data.

to the Kerash and Balanda ethnic groups were six and four times
more likely to have brucellosis in comparison to those in the Arab
ethnic group (OR = 6.01,95%CI: 1.97-21.10, P = 0.003), (OR =
3.78,95%CI: 1.42-12.02, P = 0.01), respectively.

Brucellosis Risk Profiling Using
Hierarchical Clustering

Figure 3 shows the brucellosis risk profile using hierarchical
clustering by age and occupational activities. The figure has
four groups; the top right and bottom left quadrants represent

groups with the highest risk to zoonotic brucellosis attributable
to their age and occupational activity, respectively, that is to
say; the top right and bottom left quadrant have the highest
and lowest 3, respectively. The bottom left quadrant is the
group whose high risk to brucellosis is attributable to their
occupational activities, which include; butchers, veterinarian,
farmers, milk handlers and teachers predominantly in the early
years of their lives (19-40 years). The top right quadrant is
the group whose high risk to brucellosis is attributable to their
respective age and these include casual workers, housewives
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and students ranging between 30-50 years of age. On the
other hand, the top left and bottom right represent a group
of individuals whose 8 is almost equal to 1. Therefore, their
risk to brucellosis is equally attributable to their age and
occupational activities, and they include butchers, veterinarian,
farmers, milk handlers and teachers ranging between 30-50,
and casual workers, house wives, students ranging between 19-
40 years of age. The analysis also highlights a band (group of
occupational activities), whose risk is high across all ages and
these include health workers, herders and food sellers between
32-57 years of age (Figure 3).

Covariate Patterns for Clinical Diagnostics

and Public Health Interventions

Clinical Triage and Diagnostics

The reliability and internal consistence evaluation identified
12 factors used for this analysis (Supplementary Table 3). This
analysis identified 422 unique covariate patterns, of which 143
corresponded to a positive brucellosis status. Of these patterns 11
were filtered as having 100% probability for brucellosis with an
occurrence (trials) of at least 3 times. There was one pattern that
occurred seven times, and on each of these times it was positive
for brucellosis (Supplementary Table 3).

Public Health Interventions

On the other hand, of the 279-covariate patterns that
corresponded to a negative status for brucellosis, 12 patterns
were filtered as having 0% probability of brucellosis with the
highest number of trials. We identified patterns that occurred
23 and 19 times each, which have 0 probability of brucellosis
(Supplementary Table 4). It is noteworthy that the two patterns
identified above were observed among females of 20-40 years
of age.

Qualitative Insights on Brucellosis in Bar El
Ghazal

Awareness of Brucellosis

As part of our FGDs, we wanted to challenge participants on
their awareness about zoonotic diseases including brucellosis. We
observed that at most, two of the participants in the FGDs in
each state were aware that brucellosis is zoonotic. In general,
most participants recognized the disease once clinical signs were
extensively explained. Once the disease was fully discussed, we
got the local names for this condition. This highlighted the fact
that they knew the disease, but possibly not the risk it posed
to them. There was common agreement that if communities
were incentivized by good access to markets for their animals
and products, then maybe they would be motivated to get this
knowledge about diseases. “The way out of the national herds is
to educate these communities about the correct way of keeping
animals and motivate them to adopt selling and buying animals,
instead of keeping animals without genuine economic benefit”
(FGD in Tonj state).

These communities are very patriarchal, and indeed most
meetings were almost exclusively males in some states. One of the
women challenged the sustainability of any proposed awareness
campaigns if it was only to benefit one gender.

“It is customary that only men are supposed to attend these
meetings held in our villages, and from experience, in such meetings
is where all educative information is shared, this leaves us the
women unaware of some of the key aspects of such diseases.”

There are basic norms taught to every generation in most
of these communities, the norms and practices inadvertently
protect our people against infections including zoonotic diseases.
Some individuals however believe that there is some level of
complacency with in occupational groups “Most people, farmers
or herders actually practice good hygiene and sanitation, and you
find that at the end of it all, they have less chances of contracting
these zoonotic diseases. Some groups however, like the animal
keepers, particularly those with large numbers, they think they
know everything about the animals and diseases affecting them.
Most of them do not even call local veterinarians to help them
when the animal is sick, so that is the kind of environment that can
contribute to zoonotic diseases (Key informant in Kuajok State).”

Brucellosis Ranking as a Zoonotic Disease

We wanted to find out how much importance the participants
placed on brucellosis. This was after we had discussed the clinical
signs with the participants (Local name of the disease in quotes).
“El Homa El Maltiiais” is not a big problem for me, because the
cow does not die, and we eat the aborted calf. Diseases like FMD
“Albums Al Huma Algulaia” Anthrax “Alhuma Alfahmia,” East
Coast Fever (ECF) “Huma Alwadi Elmutasadea” kill the animal,
and they interfere with our movements because we cannot move
the animals for long distances and cannot sell animals (FGD in
Aweil state).

The same question was put to the key informants to gauge
their views.

“We conduct vaccination campaigns annually before the dry
season for Black Quarter (BQ), Anthrax, Contagious Bovine
Pleuropneumonia (CBPP) and Hemorrhagic septicemia (HS),
however, brucellosis not included” (DG Wau vet. Hospital).
Participants in a focus group discussion in Wau state also added
that; “Actually for brucellosis vaccination, since we are no longer
part of Sudan, our vaccination campaigns are rare, most farmers
do it on their own” (FGD in Wau State).

Veterinary Service Provisions

It is routine for herders to treat their animals without consulting
veterinary authority. It appears that veterinarians are seen as state
agents, who implement state designed control measures usually
with little consultation from the local herders.

“I have a veterinary pharmacy in the market, and most
of the time nomads come to my pharmacy asking for certain
drugs without explaining the disease or signs that their animals
are suffering from,” (Key informant interview with vet. Officer,
Tonj State).

Perceptions on Occupational Risks

Risk was also associated with “others” and never with the ethnic
group or occupational group who were participating in the FGD,
as was revealed when veterinary officers were asked on who
would likely be at high risk of exposure in their communities.
“People who do not prepare their own food, if you do not
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prepare your own food you cannot guarantee the hygiene of the
environment and products used in this area,” (Key informant
interview with vet. Officer, Aweil State).

“Also, there are ethnic groups whose central source of protein is
meat, such groups would be exposed more than the average persons,
particularly when they eat aborted material” (Key informant
interview with vet. Officer in Kuajok state).

The views from focus group discussion with farmers revealed
that they believe food sellers, butchers and herders are in more
contact with raw meat than anybody else in the community.
“Food sellers normally handle milk and meat, and if they have
wounds could they not get this disease? What about nurses and
doctors, they touch sick people could they not get exposed as well?”
(FGD in Wau, state).

DISCUSSION

Ensuring healthy lives and promoting well-being for all ages is at
the heart of the third United Nation’s sustainable development
goal (SDG) (34). However, the epidemiological complexity of
diseases like brucellosis pose a significant challenge to achieving
this SDG especially in resource limited settings (35). Availability
of robust population-based data is the cornerstone of designing
targeted control and elimination strategies. Unfortunately, such
data is very rare in resource limited settings like South
Sudan (36). Here, we focused on three risk groups; cattle
herders, abattoir workers and febrile cases at Wau hospital. We
screened individuals for anti-Brucella antibodies, examined their
awareness of zoonotic diseases, as well as profiled potential socio-
anthropological and demographic drivers of the disease. We
then use this dataset to identify informative covariate patterns
that could be used to improve clinical diagnostics, as well as
contextualize public health intervention in South Sudan.

Zoonotic Brucellosis Prevalence Estimates
The overall brucellosis prevalence estimate in this study was
27.2% (95%CI = 23.9-30.5). This is higher than the prevalence
reported in Uganda (17%) (37), Tanzania (5.5%) (21), Ethiopia
(4.8%) (38), and Asian countries like Pakistan (21.7%) (39).
Because this study takes into account three risk groups in
the same geographical region, this represents one of the
highest prevalence estimates of zoonotic brucellosis reported
on the continent to date (40). Like Pakistan, South Sudan has
experienced political and civil unrest since 1950s ~ 68 years
which might explain the absence of documentation of the disease
dynamics (41). The drivers of the disease in both settings is
however likely to be different, given the differences in social
structure and practices (42). Indeed, the differences observed
in the region between; Uganda, Tanzania, and Ethiopia could
be attributable to infrastructure development, awareness and
varying animal management systems (43). On the other hand,
the rates observed among febrile cases and abattoir workers in
our study are significantly lower than what has previously been
reported in Libya (44), where a 40% sero-positivity was reported
in Yafran municipality. In Libya, the highest sero-prevalence is
reported in Jado (47%) and Yifrin (46%) and the prevalence was
associated with drinking raw milk among the participants (44). It

is noteworthy that in that study, they focused on individuals who
spent most time with animals. The authors have also reported a
high 31% (95%CI = 28.0-34.2), sero prevalence in cattle in the
same areas (45), which emphasized the role played by animals in
the epidemiology of brucellosis in such settings.

A Profile of Zoonotic Brucellosis Risk
Human behavior especially that which overlaps direct interaction
with livestock management and processing of animal products
is reported to represent significantly higher risk for zoonotic
brucellosis (46). The findings in our study characterize the extent
to which specific factors affect the risk within such groups.
For example, being single appears to be protective for zoonotic
brucellosis in comparison to the married individuals. Indeed,
such an association has been reported elsewhere (12, 16, 47)
which more likely reflects the nature of behavior, contact, or
environment of such individuals than their marital status. One
can argue that life styles could be at play in this regard, if we
assume single individuals are more likely to prepare their own
meals. Then the KII informants view on hygienic environment,
products and food suggests certainty of hygiene can only be
assured at individual level, ie., one cannot be sure of the
food safety unless they prepared it. The model also shows that
individuals from specific ethnic groups were more likely to test
positive for brucellosis for example; the Kerash and Balanda
were six and four times likely to test positive than Arab ethnic
grouping. The general lack of granular socio-anthropological
data about South Sudan’s ethnic groups limits the extent to which
some of the observed associations can be explained. However,
it can be argued that limited interactions with livestock could
influence the general awareness of zoonotic risks by these two
ethnic groups. Our data tends to support this notion as we
observed that only ~ 25% of the individuals in these two ethnic
groups were aware that brucellosis was zoonotic.

Hierarchical clustering identified herders, food sellers and
health workers as a group whose risk is high at any given age.
Interestingly, although herders and butchers are regularly in
contact with animals and their products, the clustering attributes
each group’s risk to age and occupational activities, respectively.
The brucellosis risk profile among butchers has been reported
elsewhere (7, 21, 37), where risk was highest among activities
that involve direct contact with slaughtering environment (21,
48). We observe that there was a health worker who was sero-
positive among the nine tested. It is not clear what the exposure
route for this individual was, but it represents a public health
problem. The concerns of the communities on such workers are
reflected at one of the FGD in Wau state, where participants
were asked about certain frontline professions after realizing how
brucellosis spreads.

Zoonotic Disease Awareness

While knowledge is a set of experiences, skills and insights
on a specific subject, awareness is the perception and use of
this knowledge, therefore, capturing the entirety of awareness
for zoonotic diseases is a practically impossible undertaking
in such settings. Our study however attempts to capture
aspects of this attribute using both qualitative and quantitative
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data collection techniques. The findings show that female
respondents, regardless of risk group were more aware of the
zoonotic diseases compared to their male counterparts. This
could be because of the gender roles with regards to animal
management in this setting, but the finding seems to contradict
literature elsewhere (49). Women are usually involved in all
domestic activities excluding livestock rearing. This is with the
exception of tending to sick cattle left at home, while the
apparently healthy ones are taken for grazing by men (50).
Moreover, women are excluded from information dissemination
activities such as; local meetings, health intervention and
planning as was highlighted in one of the FGD in Tonj state.

The observed contradictions could indeed be due to the
highlighted exception in routine activities that allows female to
observe the basic clinical characteristics of brucellosis, and thus
the awareness of its zoonotic potential (51-53). The counter
intuitive aspect observed in this study is that individuals who
tested positive for brucellosis were twice more likely to be
aware that brucellosis is a zoonotic disease. This could be due
to complacency among some groups, like the animal keepers
particularly those with large numbers (43, 54) as highlighted by
some of the key informant interviews.

If we take the above notion, we would then expect individuals
from ethnic groups known to keep large herds, such as the Dinka
to be the typical example of individuals who test positive and
were aware that brucellosis is zoonotic. The data however shows
that the Dinka comparatively had lower scores on this assessment
which does not fit with the belief. Such contradictions emphasize
the complexity in the dynamics behind zoonotic brucellosis (55).

Improving Clinical Diagnostics and Public

Health Interventions

Clinical history, environmental and occupational risks, as well as
socio-demographic aspects have for long been used to improve
clinical diagnostic algorithms (56). Our covariate analysis reveals
three potentially informative patterns from this population.
For example, an illiterate 20-40-year female who does not
consume raw milk, but washes hands with water or animal
urine and experienced no chills, headache, arthritis, fatigue, or
hand abrasion resulted into a positive test for all the seven
times it was encountered. Similarly, having hand abrasion
combined with consumption of raw milk and washing hands
with animal urine also resulted into a positive test for all
the six times it was encountered. The latter is however only
observed among men of the same age bracket. Exploiting such
patterns to inform brucellosis diagnostics is critical in such
settings where the diagnostic infrastructure is very inadequate.
On the other hand, identifying patterns that are consistently
associated to a negative test for brucellosis would be useful in
guiding public health awareness campaigns. For example; we
observe that being literate, not consuming raw milk, not washing
hands with animal urine were associated with a negative test to
brucellosis in a pattern that occurred twenty-three times. There
is utility in considering such approaches when designing and
allocating scarce resource for public health interventions. This

specific approach is likely to have more utility if used on in
risk groups.

Limitations of the Study

One of the limitations of this study is limited sample size of the
herders and the purposive nature of sampling; this inherently
introduced some biases in the estimates generated in our
statistical analysis. This was unavoidable given the administrative
structure of how herds are managed, and the mistrust that exists
between herdsmen and government, as well as the tax collection
agencies. None-the-less, our modest sample size allowed for
more degrees of freedom which in turn improves the robustness
of the parameters in generals. It should also be noted that
although we expect the general population’s dynamics to be
reflected by the febrile cases, however, these findings ought
to be interpreted in the context of risk groups as defined by
this study.

CONCLUSION

We report the highest sero-prevalence of zoonotic brucellosis
in three risk groups in the East African region. This is
compounded by the limited awareness that brucellosis is a
zoonotic disease within our study population. We also observe
that one among nine (1/9) health workers tested was sero-
positive, which represents a genuine public health concern. We
identified some social demographic associations with brucellosis,
but the qualitative analysis suggests these are more complex
and nuanced. Therefore, future studies could benefit from
the use of the mixed methods approach to add extensiveness
and depth to our understanding of zoonotic disease drivers.
Importantly, Brucella spp need to be isolated in order to
identify the livestock reservoir species. Once livestock reservoir
species are identified, intervention strategies, among which
vaccination of reservoir livestock species, can be designed
and implemented.
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