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Background: Brucellosis remains a signi cant health and economic challenge
for livestock and humans globally. Despite its public health implications, the
factors driving the endemic persistence of Brucella at the human-livestock
interface in Tanzania remain poorly elucidated. This study aimed to identify the
seroprevalence of Brucella infection in livestock and humans within a ranching
system and determine associated risk factors for disease endemicity.

Methods: A cross-sectional sero-epidemiological study was conducted in
2023 in Tanzania s Karagwe District, involving 725 livestock (cattle, goats, sheep)
from 10 herds and 112 humans from associated camps. Seroprevalence was
assessed using competitive ELISA while epidemiological data were collected via
questionnaires. Generalized Linear Models and Contrast Analysis were used to
identify risk factors for infection.

Results: Overall seroprevalence was 34% in livestock and 41% in humans. Goats
exhibited the highest prevalence (69.2%), while cattle had the lowest (22.6%). Mixed-
species herds (Odds Ratio, OR=2.96, Cl [1.90 4.60]) and small ruminants-only
herds (OR=6.54, CI [3.65 11.72]) showed a signi cantly higher risk of seropositivity
compared to cattle-only herds. Older cattle (OR=5.23, CI [2.70 10.10]) and lactating
females (OR=2.87, Cl [1.78 4.63]) represented signi cant risks for brucellosis in
livestock. In humans, close contact with animals (OR=7.20, CI [1.97 36.31]) and
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handling animals during parturition or aborted fetuses (OR=2.37, CI [1.01 5.58]) were
signi cant risk factors. Notably, no spatial association was found in seroprevalence
between herds and nearby human communities.

Conclusion: The lack of spatial correlation between livestock and human
seroprevalence suggests complex transmission dynamics, potentially involving
endemic circulation in livestock and human infections from multiple sources of
exposure to livestock. This study highlights the need for comprehensive zoonotic
risk education and targeted intervention strategies. Further research is crucial to
elucidate transmission pathways and improve Brucellainfection control. Thisincludes
developing robust methods for identifying infective species and implementing

e ective strategies to mitigate Brucella infection in endemic regions.
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Introduction

Zoonotic infections, particularly those endemic in livestock and
domestic reservoir animals, pose signi cant global public health
challenges. Brucellosis, caused by bacteria of the genus Brucella,
exempli es these challenges, especially at the human-animal interface in
low- and middle-income countries (LMICs). According to the World
Health Organization (WHO), brucellosis is one of the most widespread
zoonoses with serious public health consequences in endemic areas (1).

e global human incidence is estimated at 1.6 2.1 million new cases
annually, with a disproportionately high prevalence in LMICs (2).
Furthermore, a 2011 World Bank report identi ed brucellosis as one of
the top ve causes of infectious disease losses in cattle, bu alo, sheep,
goats, and camels, highlighting its signi cant economic impact on animal
agriculture (3). e control and prevention of brucellosis, like many
zoonoses, are hindered by inadequate surveillance, limited access to
reliable diagnostics, and insu  cient understanding of risk factors (4, 5).

ese challenges underscore the need for a One Health approach in
addressing brucellosis and similar zoonotic diseases.

Despite the public health importance and the substantial
economic burden on farmers, brucellosis is underreported due to the
non-pathognomonic nature of its symptoms, which may be similar to
malaria in humans (6). e disease is now reported as endemic in
many livestock populations from LMICs (7, 8). In rural settings, where
dependence on agriculture and livestock is frequently the sole source
of livelihood (9, 10), infections can spread rapidly in animals and
people due to limited surveillance and limited understanding of the
risk factors for infection (11).

In livestock, brucellosis is primarily contracted via exposure to
infected animals bodily uids, particularly those associated with
parturition or abortion, ingestion of contaminated food and water, or
vertical transmission from mother to o spring during pregnancy or
parturition. e infection causes abortion, stillbirth, and reduced
productivity in animals (12). Human infection occurs through the
consumption of unpasteurized dairy products or direct contact with
infectious animal uids and tissues, 0 en as occupational exposure
in professions such as veterinarians, livestock handlers, or abattoir
workers (13).

Tanzania holds the third largest livestock population in Africa
(14), and faces signi cant challenges with endemic brucellosis (14).
Outbreaks have been documented since 1927 (15), although
prevalence data are scattered and show considerable variation among
regions and over time (14, 16, 17). For example, seroprevalence in
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livestock can vary from 1 to 46% (8, 18 22), while in human
populations it has been reported from 0.6 to 58.4% (12, 17, 23 25).

is variation may be due to ecological di erences in the host-
pathogen interaction and disease transmission, variation in livestock
management, but could also be the result of inadequate surveillance
and control interventions, or a combination of all these factors.

As reported by the Tanzania Livestock Modernization Initiative,
the majority of livestock management in Tanzania falls under the
traditional agro-pastoral (80% of the livestock population) and
pastoral (14%) systems (26). e remaining 6% is attributed to
non-traditional, commercial ranching, and dairy sectors. While
research on brucellosis in this country has predominantly
concentrated on the pastoral and agro-pastoral systems, there remains
a signi cant gap in knowledge regarding the incidence and impact
within the commercial ranching sector.

To address this gap, our study aimed to quantify the seroprevalence
of brucellosis in 10 livestock herds, comprising a population of 7,000
livestock, and associated human camps from a 12,000-acre commercial
ranch in Tanzanias Kagera region. Speci cally, we sought to: (1)
Identify the pathogen seroprevalence in herds of di erent structure
and composition (e.g., animal species, age and size); (2) Determine
how seroprevalence from individual herds is associated with the
prevalence of infection in the local human community. We then used
this information and questionnaires to these human communities to:
(3) Identify the risk factors of brucellosis in both humans and livestock.

By elucidating these factors within a ranch system, our study
provides insights that can help to improve livestock management and
productivity in similar settings, ultimately contributing to better
control of this important zoonotic disease.

Materials and methods
Ethics approval and consent to participate

e study protocol was approved by Pennsylvania State University,
IACUC-PSU (PROT0202101993), and IRB-PSU (STUDY00018709).
e study was also approved by the National Institute for Medical
Research (NIMR/HQ/R.8c/Vol. 1X/3636) and the Institutional Ethics
Approval for Kilimanjaro Christian Medical University College Research
Ethics and Review Committee (CRERC No: 2494) in Tanzania. e
research permission was also received from the Presidents O ce,
Regional Administrative and Local Government (PO-RALG Ref. AB
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307/223/01) of Tanzania and the Regional administrative secretary of the
participating regions in Tanzania. e research was performed in
accordance with the relevant guidelines and regulations prescribed by the
above research regulatory committees. For human subjects, written
informed consent was sought and obtained from all the adult participants
(18years and above).

Study site and period

Field sampling was undertaken in January 2023 in a commercial
ranch in the Lake zone of the Kagera region of Tanzania ( ).
Kagera is situated in the northwestern part of the country and shares
borders with Uganda, Rwanda, and Burundi, and experiences a
tropical climate characterized by two rainy seasons and an annual
average temperature of 21°C (27).  ese climatic conditions facilitate
the development of agricultural activities, such as livestock farming
and crop cultivation.

Livestock and human populations

e ranch system surveyed for this study manages about 7,000
livestock making it a pivotal regional livestock enterprise. Livestock are
organized into a total of 13 herds of single- or mixed-species indigenous
cattle, sheep, and goats ( ). Herds can
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be considered independent units with their own livestock management,
where mixing between neighboring herds is uncommon, except on
special occasions or events such as droughts when animals are forced to
congregate at watering points. e human community working and living
on the ranch are organized in camps, and individuals move freely between
camps while working on di erent herds, thus the spatial organization of
the human community is partially independent of the herd system.

Epidemiological survey

To assess brucellosis seroprevalence, we conducted a cross-
sectional study involving both livestock and humans associated with
a ranch in Tanzania. We randomly selected herds and the human
community from camps these herds. For every herd, a minimum of
10% of the total animals was opportunistically selected for sampling.

Sample size calculation

To determine the appropriate sample size, we employed, Cochrans
Sample Size approach (28) to provide an a priori estimate of the
required number, adjusted for smaller populations. e formula used
was: Nga=(Nny)/(N+ n,), where n,=(z%p (1  p))/d% For our
calculations, we assumed a total ranch population (N) of 7,000
animals, an expected prevalence (p) of 8.2% based on pooled

FIGURE 1
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Location and composition of the 10 sampled herds within the Kagera region ranch. (A) Map of Tanzania and the sampling region (Karagwe District of
Kagera region in green slash area, Kagera region in green shade). (B) Each herd (A-J) is represented by a point on the map. The herds are labeled A
through J, for a total of 10 herds. The outer donut graph: Around each point (herd location) is a donut-shaped graph. These graphs show the species
composition of each herd as percentages, and the species are represented by di erent colors. The inner pie graphs: Inside each donut graph is a
smaller pie graph. These pie graphs show the percentage of animals that tested seropositive for brucellosis within each species in the herd. The colors
represent di erent species: Blue represents cattle, Purple represents goats, and Orange represents sheep.
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