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Abstract

Background: Dairy cattle movement could be a major risk factor for the spread of bovine tuberculosis (BTB) in
emerging dairy belts of Ethiopia. Dairy cattle may be moved between farms over long distances, and hence
understanding the route and frequency of the movements is essential to establish the pattern of spread of BTB
between farms, which could ultimately help to inform policy makers to design cost effective control strategies. The
objective of this study was, therefore, to investigate the network structure of dairy cattle movement and its
influence on the transmission and prevalence of BTB in three emerging areas among the Ethiopian dairy belts,
namely the cities of Hawassa, Gondar and Mekelle.

Methods: A questionnaire survey was conducted in 278 farms to collect data on the pattern of dairy cattle
movement for the last 5 years (September 2013 to August 2018). Visualization of the network structure and analysis
of the relationship between the network patterns and the prevalence of BTB in these regions were made using
social network analysis.

Results: The cattle movement network structure display both scale free and small world properties implying local
clustering with fewer farms being highly connected, at higher risk of infection, with the potential to act as super
spreaders of BTB if infected. Farms having a history of cattle movements onto the herds were more likely to be
affected by BTB (OR: 2.2) compared to farms not having a link history. Euclidean distance between farms and the
batch size of animals moved on were positively correlated with prevalence of BTB. On the other hand, farms having
one or more outgoing cattle showed a decrease on the likelihood of BTB infection (OR = 0.57) compared to farms
which maintained their cattle.

Conclusion: This study showed that the patterns of cattle movement and size of animal moved between farms
contributed to the potential for BTB transmission. The few farms with the bulk of transmission potential could be
efficiently targeted by control measures aimed at reducing the spread of BTB. The network structure described can also
provide the starting point to build and estimate dynamic transmission models for BTB, and other infectious diseases.
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Background
Ethiopia has huge livestock resources including cattle
population of 60.4 million [1]. Cattle are the dominant
species constituting 70–90% of the Ethiopian livestock
producing households, and accounting for about 72% of
the meat and 77% of the milk produced annually in the
country, indicating its overriding role in generating
smallholders’ income and in meeting domestic meat and
milk consumption requirements [2]. At present, about
98% of the Ethiopian dairy cattle are of the Zebu breed
and managed under extensive farming in agro-pastoral
and pastoral systems. However, rapid urbanization is pla-
cing challenges to meet the demand for food (including
dairy products) from an increasing population. The milk
production potential of Zebu cattle is poor and as a re-
sult the possibility of meeting the increasing demand for
milk and its products using the Zebu breed is minimal.
Due to this situation, the Ethiopian Government, in its
economic development strategy, has prioritized im-
provement of the breed of dairy cattle, pasture develop-
ment and intervention on animal health to cope with
the increased demand of milk and other livestock prod-
ucts [2]. The breed improvement plan focuses on
breeding crosses of Holstein Friesian (HF) (Bos taurus)
and Zebu (Bos indicus) breeds mainly by using artificial
insemination services through synchronization wher-
ever possible. Animals produced through cross breed-
ing will have an added advantage of resilience to
harsher environments in addition to increased milk
production and dairy cattle productivity. Thus, the
dairy development is of paramount importance particu-
larly for the provision of employment opportunities (es-
pecially for women), poverty alleviation, and
improvement of human nutrition and health [3]. As a
consequence of these development efforts, intensive
dairy farms and smallholder farms raising HF crosses
are increasing in and around major urban centers.

The dairy farming is relatively well-developed in cen-
tral parts of the country although it has also become an
emerging sector in the peripheral regions [4]. The de-
mand for the improved breed of dairy cattle for stocking
of the emerging and/ or expanding farms in the periph-
eral regions is met mainly by the purchase of cross bred
dairy cattle from the central areas of the country.
However, the central part of the country has a high
prevalence of bovine tuberculosis (BTB) [5–9]. The cen-
trifugal trade of dairy cattle from areas with higher
prevalence of BTB to areas with lower prevalence poses
a high risk of transmission into the peripheral areas
where much lower disease prevalence have been re-
corded in the diary sector [10]. Prevailing conditions
such as developing infrastructures, national development
plans etc., favor trade of cattle from long distances.
Nevertheless, it has been well documented that animal

movement within and between animal populations is a
central driver of disease spread as pathogens can be
transmitted over long distances via movement of infec-
tious animals [11–17]. Understanding the structure of
cattle movement networks and exploring the trade
routes, volumes and frequency of dairy cattle movement
in the Ethiopian conditions can inform how BTB and
other infectious disease could potentially spread in the
country. Studies on the impact of cattle movement net-
works and the associated risk of BTB transmission are
lacking in Ethiopia. In the United Kingdom, movement
of dairy cattle was estimated to be responsible for up to
84% incidence rate of BTB in herds [18]. In recent years
social network analysis has become a tool of choice to
link movement networks with transmission and dynam-
ics of infectious diseases [19–24]. Although the applica-
tion of social network analysis for studying disease
transmission has not been common in developing coun-
tries, several studies have been conducted in Europe in-
cluding the network analyses of the initial phase of the
2001 foot and mouth disease epidemic in the UK [12],
the transmission of infectious disease in sheep popula-
tion in the Scotland [16] and the spread of BTB and its
control in the UK [18]. The main challenge in devel-
oping countries including Ethiopia, though suggested
for more informed disease control [25], is a lack of
animal identification, registration and traceability sys-
tem in which data regarding cattle movement is re-
corded. While data scarcity and quality issues remain
a problem, possible efforts to better understand the
existing conditions need attention. Therefore, the pur-
pose of this study was to understand the network
structure using available cattle movement information,
identify relevant network properties and explore asso-
ciations with the epidemiology of BTB.

Results
Centrality measures
Analysis of the established network due to dairy cattle
movement within the study sites identified 278 farms/
sites as nodes and 584 connections (cattle movement
records dated between September 2013 and August
2018) as edges. The cattle movement network topology
for the full network is presented in Fig. 1a & b. Among
farms 81% (225/278) had at least one connection with
any of the farms, majority of which (68%, 190/278) had
connections lower than five compared to farms having
at least five connections (13%, 35/278) accounting, re-
spectively, for 55.5% (324/584) and 45.5% (260/584) of
the overall connections in the network. However, 19%
(53/278) of the farms in the network did not have any
connections with regards to dairy cattle movement
(Additional file 1: Table S1).

Mekonnen et al. BMC Veterinary Research          (2019) 15:262 Page 2 of 14



Fig. 1 a and b. Network topology constructed based on dairy cattle movement data between September 2013 and August 2018; (a) vertex size based
on herd size; (b) vertex size based on the number of connections; vertex colors indicated regions/sites, arrows indicate direction of animal movement
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