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Abstract

Background: Biosecurity plays an irreplaceable role in preventing diseases, increasing productivity of dairy herd and
welfare on the farm, prevention of drug resistance and public health safety. Assessment of biosecurity measures were
carried out both by observations and questionnaires from December 2019 to April 2020 in dairy cows'farms. In addi-
tion to assessment of biosecurity, the present study also intended to identify factor associated to biosecurity and its
specific component implementation.

Results: Out of 125 biosecurity practices considered to evaluate the overall biosecurity status of dairy farms, the
scores ranged from 34 to 75. The overall percentage of the biosecurity score varied from 27.2 to 60%. Out of 20 dairy
farms included in the present study, nine farms gained a percentage score of greater than or equal to 50% (ranging
from 50.4 to 60%), thus their biosecurity status was evaluated as “Good”. The remaining 11 farms attained a percent-
age score lower than 50% (varying from 27.2 to 46.4%) and therefore graded as “Poor” In this study biosecurity
categorized in to four components: traffic control (21.5£4.3), isolation (14.45 % 2.2), sanitation (16.65 +6.83) and
health management (3.25 & 1.07) with their respective mean =% standard deviation of each component. Out of four
biosecurity components: isolation and traffic control were implemented better, but sanitation and animal health
management were poorly implemented. Fisher's exact test analysis of the obtained results showed that among all
factors assumed to affect biosecurity adoption, however only a significant association (P < 0.05) between biosecurity
status and location of farms was appreciated.

Conclusions: In conclusion, the overall adoption of biosecurity measures in the dairy farms was evaluated to be
poor. Thus, raising awareness of herd owners, facilitating dairy husbandry training by the concerned body, pushing
herd owners to develop a biosecurity plan and practicing it. And, especially improvement of sanitation and animal
health management systems should be prioritized by policy makers or the concerned organizations.
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Background

Ethiopia is endowed with the largest livestock population
in Africa (CSA 2013; Belay 2020) and the sector contrib-
utes 17% to the gross domestic product (GDP), 36% to
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the agricultural GDP (Metaferia et al. 2011; Belay 2020),
and provides a livelihood for 65% of the population. The
cattle population of Ethiopia is estimated at 57.83 mil-
lion head, of which 55.48% are females, and 98.66% are
of traditional Zebu breed (CSA 2016; Belay 2020). In
addition, Ethiopia has a large dairy herd (around 14 mil-
lion) and high diversity of agro-ecologies, many of which
are favorable for dairying (Ndambi et al. 2017). Dairy
cattle production is the main component of livestock
farming in Ethiopia and there are four major dairy pro-
duction systems, namely specialized commercial dairy
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production systems, pastoral and agro-pastoral produc-
tion, rural smallholder (mixed crop-livestock) production
and urban and peri-urban smallholder dairy production
(Afras 2019).

Ethiopia is expected to double the number of middle
class consumers by the year 2030, due to the growth in
the middle class population and increased urbanization,
which lead to an increased purchasing power and hence
higher demand for livestock products including milk
(Ndambi et al. 2017). However, the productivity of the
dairy industry is constrained by diseases (Ahmed 2018),
specially, in urban areas; shortage of land, shortage of
feed and/or high feed prices, and manure related waste
management, water scarcity, shortage of labour and ani-
mal disease prevalence were the common constraints to
dairy production (Ndambi et al. 2017).

Diseases have many negative impacts on production
and productivity of dairy cattle, imposing significant
economic losses resulting from mortality, morbidity,
loss of weight, poor growth rate, and poor fertility (Belay
2020). Weak enforcement of hygiene and safety regula-
tions adulterated, and poor-quality milk can be found in
the markets (Ndambi et al. 2017). Biosecurity, defined
as a set of management practices or measures to pre-
vent introduction and spread of pathogens within and
between farms (Gunn et al. 2008; Fasina et al. 2012),
has been reported to be the cheapest way to control dis-
eases in flocks or herds (Kouam and Moussala 2018). It
is important in avoiding not only catastrophic or foreign
animal diseases, but also in reducing the risks of endemic
diseases, like; digital dermatitis, paratuberculosis (Joh-
nes’ disease), contagious mastitis and enzootic bovine
leukosis (Bickett-Weddle and Ramirez 2005; Stankovic
and Zlatanovi 2016).

Biosecurity in this context is the management systems
implemented to reduce the risk of introducing infec-
tious disease to a herd and prevention of diseases spread
within the herd (Caldow 2004), preventing economic
losses and protection of public health. Information about
the biosecurity level on the farms is important for contin-
gency planning for emerging diseases, when combating
endemic diseases in a country, or to see if and where the
biosecurity needs to be improved (Sahlstrom et al. 2014).
The observation of a gap between biosecurity recommen-
dations and on-farm practices have been documented
(Moore et al. 2008). On-farm biosecurity measures are
implemented differently depending on the farm (Sahl-
strom et al. 2014). Research suggests that uptake of
biosecurity measures on dairy farms is low with certain
practices being rarely carried out (Sayer et al. 2013).

Research in the UK and Ireland suggests low uptake of
biosecurity practices, even though dairy farmers consider
biosecurity as important (Brennan and Christley 2013).
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Other studies also examined the implementation of bios-
ecurity on a variety of farming enterprises, the majority
highlighted that awareness of biosecurity may exist but
its implementation at farm level is often poor (Mee et al.
2012). Thus, inadequate attention to the implementation
of biosecurity in such circumstances could have a sig-
nificant negative impact on animal health which causes
economic loss (van Schaik et al. 1998), poor animals and
risk to public health. Thus, it is crucial for dairy farm-
ers to understand the importance of disease prevention
through implementation of on-farm biosecurity.

There are few published reports on the assessment of
dairy biosecurity measures in livestock production in
Ethiopia. However, to mention some of them, biosecu-
rity assessment was undertaken in central cattle feedlot
in Ethiopia (Alemayehu and Leta 2014) and in small
scale commercial poultry farms Birhanu et al. (2015) in
and around Mekelle and by Melkamu et al. (2016) in and
around Debre Markos. These studies reported a poor
implementation of biosecurity measures by the farm-
ers, along with the different constraints and challenges
expressed by the farmers such as cost, usefulness, impor-
tance, workload and lack of clarity and knowledge. To
date, there is no information on basic biosecurity meas-
ures that are undertaken to maintain the health of cat-
tle in commercial dairy farms established in and around
Harar and Dire Dawa cities (Fig. 1). Thus, the present
study aims to facilitate the adoption, and awareness of
the key areas of Biosecurity that need improvement.

Therefore, the objectives of this study are;

+ To assess the biosecurity status of commercial dairy
farms located in and around Dire Dawa and Harar
cities.

+ To identify factors associated with generally assessed
biosecurity status.

+ To appreciate specific (individual) biosecurity status.

Methods

Study area

This study was carried out in medium to small scale dairy
cow’s farm found in and around Dire Dawa and Harar cit-
ies (Fig. 1). Dire Dawa city is located at about 515 km to
the east of Addis Ababa. The area is found between 9° 27’
and 9° 49’ N latitude and 41° 38’ and 42° 19’ E longitude.
The total area of the administration is 128,802 ha. Dire
Dawa is situated at an altitude of 1276 m above sea level.
The mean annual rainfall of the area varies from 550 mm
in the lowland northern part to 850 mm in the southern
mountains with average 640 mm. The monthly mean
minimum and maximum temperature ranges from 14.5
to 34.6 °C respectively (CSA 2012). Harar, a walled city in
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eastern Ethiopia, is a regional city for the Harari region
and a zonal capital for the East Hararghe zone of Oromia
region. The city has an estimated population of 232,000
for the year 2015 (Mengistu et al. 2016). It is located at
about 525 km from Addis Ababa situated at an elevation
of 1885 m.a.s.l. These two cities are places where pri-
vately owned commercial dairy farms were located and
the major milk consumption centers in eastern Ethiopia.
In addition to these modern dairy farms, the wider sur-
rounding rural districts are other sources for milk and
milk products supply (CSA 2013; Mengistu et al. 2016).

Target and study population

For this study, the target population are all commercial
dairy farms established in and around Harar and Dire
Dawa cites (Fig. 1). Farms having more than ten cat-
tle were taken as the study population. Generally, there
are 32 medium to large scale producing dairy farms
within the study areas, which are acquired from offices

of livestock and fisheries development offices and from
other concerned offices. Of 32 herd owners contacted, 6
of them had already closed their dairy business and the
remaining 6 dairy owners refused to participate. There-
fore, 81.25% agreed to participate in this study. Therefore,
20 dairy herd owners/managers were interviewed, both
by observations using a checklist and semi-structured
questionnaire.

Study design and study methodology

The study was a cross-sectional survey carried out from
December 2019 to April 2020, which involved collec-
tion of information from all dairy farms established in
and around Dire Dawa and Harar cities (Fig. 1), con-
taining more than ten cattle (medium to large scale
population) as categorization by (Megersa et al. 2011).
Therefore, it did not require sampling. At first, all dairy
farms were identified using the official registry of dairy
farms obtained from the respective Agricultural offices
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and located with the help of local veterinary health offi-
cials until all farms were included. Then, farm owners
requested to participate in the study and the required
information was gathered after obtaining their verbal
consent. The number of those dairy owners who refused
to participate was also documented.

Data collection

A questionnaire-based survey was undertaken to evalu-
ate the status of the different components of biosecurity
measures practiced. Information about biosecurity was
obtained through on -farm observations using a struc-
tured-questionnaire by checklists and interviews made
with owners and workers. The questionnaire contained
125 questions, mainly closed and semi-closed (Addi-
tional file 2). It was divided into four sections. The first
question set consisted of demography characteristics of
farm owners (sex, age, marital status, occupation, level of
education, experience (years), previous training on dairy
farm management, being member of a dairy farm coop-
erative and knowledge of biosecurity among others). The
second part was related to awareness on disease control
and biosecurity such as owners’ understanding of cattle
diseases, awareness on biosecurity, source of biosecurity
information, and importance of biosecurity and presence
of biosecurity plan. The third section was farm character-
istics such as farm location, year of establishment, farm
size (m?), presence of buildings in the farm, presence of
cattle barn(s), number of cattle (herd size) and breed of
cattle. The last section was on components of biosecurity
measures such as isolation, traffic control, sanitation as
defined by (FAO 2010; Kouam et al. 2018) and Nitovski
et al. (2013) and animal health management (Nitovski
et al. 2013) which was developed to collect data on bios-
ecurity practices. To ensure validity and reduce bias,
interviews and farm observation were carried out by one
person.

Biosecurity scoring system and biosecurity status

The Biosecurity measures were divided into four sections,
each section corresponding to a biosecurity compo-
nent (isolation, traffic control, and sanitation and animal
health management). Biosecurity was quantified using
a scoring system based on the assumption that all the
potential biosecurity measures to have an equal weight
and scoring each measure as either 1 or 0 as in Kouam
et al. (2018). The biosecurity measure was coded as 1
if this measure is present or 0 if the measure is absent.
The answers to all 125 dichotomous questions or find-
ings of observations were converted into a score of 0 and
1. The maximum score for a given farm was 125 points
(40 for isolation, 27 for traffic control, 46 for sanitation
and 12 for animal health management) equaling the total
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biosecurity measures under investigation. A total of 125
marks were allocated to the biosecurity indicators in the
questionnaire and checklist. The cattle farms were cat-
egorized based on biosecurity status as per the method-
ology described by (Wijesinghe et al. 2017) with slight
modification. The total score earned by each farm was
changed to percentage and if it is above or equal to 50%
a farm was said to have as “Good biosecurity” and below
50% as “Poor biosecurity”.

Data analysis

The data collected were stored in Microsoft Excel Spread-
sheet and analyzed using StataCorp statistical software
version 15. Data were analyzed, using descriptive statis-
tics to calculate frequencies and percentages. The asso-
ciation of respondents’ demographic as well as farm
characteristics with biosecurity compliance was evalu-
ated using Fisher’s exact test statistics and a statistically
significant association was said to exist when P<0.05.

Results

Farm characteristics

From all dairy farms located in and around Harar and
Dire Dawa cities, majority of dairy farms were established
above the years 2016 whereas some of them were estab-
lished from 2007 to 2016. Again, all farms, established on
areas lower than 5001 m? in size. Some cattle farms (7
that are 35%) were established on areas of less than 1000
m? while the other 12 (60%) had sizes between 2001 and
5000 m?. All farms had buildings in the farm, however, 5
(25%) described that there were no cattle barns. Majority
(65%) of dairy farms comprised less than 100 dairy cows
and 65% of cattle were Holstein Friesians breed (Table 1).
The range, mean, median of dairy cows in the overall
study is 16—150, 79.4 and 88.5 respectively.

Herd owners awareness on disease control and biosecurity
From 20 dairy herd owners interviewed, 80% disclosed
that they had knowledge of cattle disease whereas 20%
disclosed that they had not. With regard to disease con-
trol, all of the respondents replied that prevention of
diseases was the cheapest method and 85% of them said
prevention was less time consuming (Table 2).

Demographic characteristics of dairy Herd Owners

From these 20 interviewed participants, 14 (70%) were
male, 12 (60%) older than 45 years, 17 (85%) married,
and 15 (75%) had higher education status. Occupation-
ally, 15% were civil servants, 30% were traders and 55%
had occupations other than the two (artesian). Major-
ity (60%) of the herd owners had experience of one to
ten years while 40% of them had more than ten years of
experience in dairy farming. 85% of the owners were not
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Table 1 Characteristics of dairy farms established in and around Harar and Dire Dawa cities

Characteristics Categories Number Percentage (%)
Farm location Harar 10 50
Dire Dawa 10 50
Year of establishment (Ethiopian Calendar) 2007-2016 6 30
>2016 14 70
Farm size (m?) <2000 8 40
> 2000 12 60
Presence of buildings in the farm Yes 20 100
No 0 0
Presence of cattle barn(s) Yes 15 75
No 5 25
Number of cattle (herd size) <100 13 65
100-150 7 35
Breed of cattle Holstein Friesian 13 65
Cross breed 7 35
Table 2 The percentage of cattle owners aware of cattle disease control and biosecurity
Awareness Category Number Percentage (%)
Owners understanding of cattle diseases Yes 16 80
No 4 20
The cheapest method Treatment 0 0
Prevention 20 100
Less time consuming Treatment 3 15
Prevention 17 85
Information on biosecurity Yes 7 35
No 13 65
Source of biosecurity information Veterinary 3 15
Internet 2 10
Professional 2 10
Not aware 13 65
Importance of biosecurity Very important 9 45
Important 4 20
I don't know 7 35
Presence of biosecurity plan Yes 1 5
No 19 95

trained on farm management, only 5% were members of
dairy cooperatives and 35% claimed to be aware of bios-
ecurity (Table 3).

Component specific biosecurity status

Tables 4, 5, 6, 7 and 8 presents, assessment results of vari-
ous components of biosecurity. A total of 32 biosecurity
practices were included to assess traffic control biosecu-
rity status (Table 4). The biosecurity score ranged from
10 to 18 out of 32 and the percentage varied from 32.5
to 57.5%. Mostly applied traffic biosecurity components

(100%), were;—no vehicles frequently move off prop-
erty, go to property, sale yard, abattoir or show and then
return, no equipment used for different purposes, no
sharing of equipment and machinery with other farms,
no more than one main entry point to the farm, locating
animal loading areas away from the rest of the stock, not
grazing resting pastures recently spread with waste, when
loading animals the lorry or truck didn’t enter the sta-
bles. From traffic control biosecurity, 'Nine (45%) farms
attained a good biosecurity score whereas 11 (55%) were
poor’ (Table 8).
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Table 3 The demographic characteristics dairy farm owners
Demographic characteristics Category Number Percentage
(%)
Gender Male 14 70
Female 6 30
Age (years) 31-45 8 40
>45 12 60
Marital status Married 17 85
Not married 3 15
Level of education Secondary education 5 25
Higher education 15 75
Occupation Civil servant 3 15
Trader 6 30
Others 11 55
Experience (years) 1-10 12 60
More than 10 8 40
Previous training on dairy farm management Yes 3 15
No 17 85
Member of a dairy farm cooperative(s) Yes 1 5
No 19 95
Awareness on biosecurity Yes 7 35
No 13 65

Regarding the isolation, 27 biosecurity practices
were used to evaluate biosecurity level. As presented in
Table 5, the biosecurity score and percentage of isola-
tion varied from 11 to 24 and 40.7-88.84%, respectively.
Majority of dairy farms (17) gained a “Good” and the
remaining three are “Poor” status. Frequently applied
isolation biosecurity measures such, as no pasture area,
fence off dead-animal pits and garbage tips, fencing off
stock access to water courses, maintain no contact of pre-
weaned calves with older cattle, maintain no contact of
dry cow with lactating cows, no mixing of different spe-
cies, separate calves and young stock from older animals.

Concerning sanitation practices, 46 biosecurity prac-
tices were chosen and evaluated (Table 6). Regarding
sanitation biosecurity practices, its score and percent-
age extended from 3 to 25, and 6.5-54.3%. The sanitation
level was “Good” for five farms and “Poor” for 15 farms.

From biosecurity practices were considered for the
evaluation of animal health management. The biosecurity
score ranged from 1 to 5 and the percentage ranged from
8.3 to 41.7%. The adoption level was assessed as “Poor”
for all dairy farms included in the study (Table 7).

Overall, 125 biosecurity practices were considered to
evaluate the general biosecurity status. The percentage of
the biosecurity score varied from 27.2 to 60%. Nine farms
gained a percentage of score greater than or equal to 50%
(ranging from 50.4 to 60%), thus their biosecurity com-
pliance was evaluated as “Good”. The remaining 11 farms

attained a percentage score lower than 50% (varying from
27.2 to 46.4%) and therefore graded as “Poor” (Table 9).

Factors associated with overall biosecurity measures
Several demographics as well as farm characteristics were
assessed for their association with the overall biosecurity
level using Fisher’s exact test. Among those characteris-
tics, only location of the farm (Fisher’s exact value =9.90;
P<0.005) was significantly associated with the overall
level of biosecurity measure (Table 10). From ten dairy
farms located in Harar city, only one (10%) was evalu-
ated to have “Good” biosecurity level. On the other hand,
from ten study dairy cow farms in Dire Dawa city, eight
(80%) were assessed to have “Good” biosecurity.

Discussion

In the present study, a relatively small sample size was
used. One of the important reasons is that checklists
were completed by the researchers on each farm based
on observations, instead of sending a questionnaire to the
farms. Again, the believe that more reliable data concern-
ing biosecurity could be obtained by conducting farm
visits, which requires more time and resources com-
pared to sending the questionnaires by mail. Moreover,
it is not always easy to obtain producers’ permission to
visit their farms. Although, this study provides impor-
tant information on the demographic characteristics of
dairy herd owners, farm characteristics, and awareness
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Table 4 Percentage of biosecurity practices of the traffic control component
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Biosecurity practices Yes (%) No (%)
Farm located > 500 m from the main road 1(5) 19 (95)
Farm sited > 500 m from the nearby dairy farm 5(25) 15 (75)
Farm established >500 m from the nearby animal farms other than dairy such as beef feedlot, poultry etc 5(25) 15 (75)
Farm situated > 500 m from abattoir(s) 12 (60) 8 (40)
Farm located > 500 m from residential area 2(10) 18 (90)
Not infested with wild animals 10 (50) 10 (50)
Presence of parking lot 9 (45) 11(55)
No driveway 3(15) 17(85)
No additions to the herd 8 (40) 12(60)
Source animals directly from the herd of origin 10 (50) 10(50)
Transfer information including animal health records for all new animals 0(0) 20(100)
Outgoing animals moved off the farm with information on animals health status 0(0) 20(100)
Keeping records of livestock (cattle) movements 0(0) 20(100)
Have and follow a movement plan (e.g. work with animals from youngest to oldest, healthy to sick 11 (55) 9 (45)
Closing gates and seeing visitors by appointment 9 (45) 11 (55)
No Exchange of production material (drinkers, feeders, buckets, and tools) between farm 19 (95) 1(5)
No vehicles frequently move off property, go to property, sale yard, abattoir or show and then return 20(100) 0(0)
No equipment used for different purposes 20(100) 0(0)
Not allowing frequent visits to the farm 9 (45) 11 (55)
No sharing of equipment and machinery with other farms 20(100) 0(0)
Notify non-professional visitors, professional visitors and drivers of permitted areas of access to them and transport 7 (35) 13 (65)
vehicles prior entry

No more than one main entry point to the farm 19 (95) 1(5)
Presence of entry restriction sign post 1(5) 19 (95)
Use own vehicle to transport visitors 0(0) 20(100)
Record presence to the routine veterinary visit 0(0) 20(100)
Locating animal loading areas away from the rest of the stock 20(100) 0(0)
Maintaining and monitoring health records for individual animals 0(0) 20(100)
Management of sick animals after healthy ones 17 (85) 3(15)
Not grazing resting pastures recently spread with waste 20(100) 0(0)
Use own vehicle for animal movements 0(0) 20(100)
Work from young to old animal 19 (95) 1(5)
Separation of material for young and old animals 19 (95) 1(5)
When loading animals, the lorry or truck didn’t enter the stables 20(100) 0(0)
Nonprofessional visitors are not allowed to enter into farm 8 (40) 12 (60)
Availability of visitors logbook 0(0) 20(100)
Visitors do not have direct access to the stables or barns 10 (50) 10 (50)
Absence of freely moving cats and/or dogs on the farm 9 (45) 11 (55)
Presence of permanent rodent control 15 (75) 5(25)
Presence of own feed and milk collection trucks 6 (30) 14 (70)
Total score of the traffic control biosecurity practices 40

Minimum-maximum biosecurity score of dairy farms 13-23

Mean =+ standard deviation biosecurity score of dairy farms 1824325

on dairy farms disease control, implementation of bios-  categorized in to four components: traffic control, iso-
ecurity measures from medium-scale to large-scale dairy  lation, sanitation and health management. Out of four
farms were found poor thus larger and more comprehen-  biosecurity components: isolation and traffic control
sive studies are needed for Ethiopia dairy farm regard- were implemented better, but sanitation and animal

ing its biosecurity measure. In this study, biosecurity = health management were poorly implemented.
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Table 5 Percentage of isolation biosecurity practices component

Biosecurity practice Yes (%) No (%)
Presence of calf pen/hutch 10 (50) 10 (50)
Presence of separate milking house 13 (65) 7 (35)
Presence isolation room for sick cattle 11(55) 9(45)
Presence of feed storage sheds 15 (75) 5(25)
No pasture area 18 (90) 2(10)
Presence of maternity pen 2(10) 18 (90)
Purchase replacement animals from herd with known health status 12 (60) 8 (40)
Know the animal health practices of all suppliers 4(20) 16 (80)
Keep clinically sick animals separately until they are completely cured 12 (60) 8 (40)
Quarantine incoming cattle for a period 8 (40) 12 (60)
Minimizing contact with neighbors’animals 12 (60) 8 (40)
Fence off dead-animal pits and garbage tips 19 (95) 1(5)
Fencing off stock access to watercourses 19 (95) 1(5)
Maintain no contact of pre-weaned calves with older cattle 18 (90) 2 (10)
Maintain no contact of dry cow with lactating cows 18 (90) 2(10)
No mixing of different species 19 (95) 1(5)
Prevent animals from having fence line contact with livestock from farms 11 (55) 9 (45)
Keep buildings and facilities well maintained and in good repair 13 (65) 7 (35)
Separate calves and young stock from older animals 19 (95) 1(5)
Isolate animals with abortion 13 (65) 7(35)
Calving takes place in a separated calving box or maternity pen 2 (10) 18 (90)
Use isolation room to house sick animals 11 (55) 9 (45)
Presence of cadaver storage facility present 13 (65) 7 (35)
Cadaver storage facility inaccessible for vermin 14 (70) 6 (30)
Absence of other farm animals in the farm 13 (65) 7 (35)
Absence of pasture contact with others cattle 17 (85) 3(15)
Presence of adequately maintained boundary fence around the farm 17 (85) 3(15)
Total score of the isolation biosecurity practices 27

Minimum-maximum biosecurity score of dairy farms 11-24

Mean = standard deviation biosecurity score of dairy farms 18.05+£592

Herd owners awareness on disease control and biosecurity
In the present study, only 15% of the participants dis-
closed veterinarians as their sources of information on
biosecurity in contrast to Gunn et al. (2008) and Derks
et al. (2012) that reported veterinarians have been identi-
fied as one of the most important, reliable and credible
sources of information for farmers on biosecurity.

Demographic characteristics of the farm

Among 20 dairy cattle farmers in Harar and Dire Dawa,
the majority believed that biosecurity (prevention) was
more cost-effective (cheapest method) (100%, n=20) and
more time-efficient (Less time consuming) (85%, n=17)
than treating individuals disease on-farm, which are the
same or even more implemented as reported by Col-
lineau and Stirk (2019). Some farmers (45%, n=9) also
believed that benefits (verily important) could be attained
by implementing even a small number (45% or medium)

of biosecurity measures (Brennan and Christley 2013;
Collineau and Stiark 2019).

This study revealed, the majority are not aware of bios-
ecurity which is in contrast to (Mee et al. 2012) that the
majority aware of biosecurity and again, among 35% of
herd owners informed about biosecurity measures, 15%
got biosecurity information from veterinarians, (10%)
from internet and (10%) were professional. Thus in this
study, only 15% participants got information chan-
nels about biosecurity from veterinarian in contrast
reported by (Brennan and Christley 2013; Collineau and
Stdark 2019) that information channels regarding bios-
ecurity measures were obtained primarily from private
veterinarians 93%, and unlike the present studies(10%),
research papers/professional press share as 77% as chan-
nel of information to biosecurity (Brennan and Christley
2013; Collineau and Stérk 2019). In this study, the major-
ity highlighted that awareness of biosecurity does not
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Table 6 Percentage practices of sanitation biosecurity component

Biosecurity component Yes (%) No (%)
Location on elevated ground 13 (65) 7 (35)
No evidence of flooding during the wet season 12 (60) 8 (40)
Year round supply of fresh water 11 (55) 9 (45)
Enforce cleaning of vehicles entering the farm 9 (45) 11 (55)
Cleaning of on-farm animal health equipment after each use 7 (35) 13 (65)
Asking visitors to wash their hands before and after contact with your livestock? 1(5) 19 (95)
Presence of protective clothing for visitors 0(0) 20 (100)
Encourage ‘come clean, go clean’practices for visitors 0(0) 20 (100)
Ensuring visitors cleaning and disinfection after visits 0(0) 20 (100)
If lent, clean down equipment and vehicles before use on farm 1(5) 19 (95)
Provide clean down equipment or facilities for visitors to clean boots and equipments 1(5) 19 (95)
Clean vehicles and equipment prior to moving from one farm to the other 0(0) 20 (100)
Provision of protective clothing for visitors 0(0) 20 (100)
Disposal of contaminated and pest damaged stock feed 12 (60) 8 (40)
Routinely clean and/or disinfect housing after removing manure 13 (65) 7 (35)
Cow stalls are clean 13 (65) 7 (35)
Good hygiene of cow from dirt 11 (55) 9 (45)
Presence of control programs for feral-animal, wildlife and weed 15(75) 5(25)
Inspect for feeding and drinking equipments for cleanliness 17 (85) 3(15)
Prevention of stored stock feed contamination by livestock, vermin, wildlife, feral and domestic animals and other feed 14 (70) 6 (30)
types

Regular pest control 16 (80) 4(20)
Testing water for quality 2(10) 18 (90)
Visual Inspection of stock feed for contaminants and pest damage etc 17 (85) 3(15)
Have written instructions for cleaning and disinfecting different types of equipment 0(0) 20 (100)
Have written sanitation, disinfection procedures and schedules for all animal holding areas/facilities 0(0) 20 (100)
Have appropriate and effective cleaning and disinfection materials 4(20) 16 (80)
Disinfect livestock related equipment between uses 6 (30) 14 (70)
Practice sanitation to minimize contamination of livestock waters by manure and urine 17 (85) 3(15)
Specific cleaning and sanitizing protocols for higher-risk practices(e.g. Al or treatment of sick animals) 2(10) 18 (90)
Have walls, ceilings and facility parts that are easy to clean and disinfect 11 (55) 9 (45)
Remove and renew bedding on a Regular schedule 6 (30) 14 (70)
Presence of dead-stock disposal protocol 10 (50) 10 (50)
Ensures dead stock is removed from animal housing quickly so that no livestock have contact with the carcass 14 (70) 6 (30)
Dispose of dead stock by burying, composting or pickup by a dead-stock disposal service 17 (85) 3(15)
Use equipment for a single purpose only 17 (85) 3(15)
Clean and disinfect cattle barn after abortion 12 (60) 8 (40)
Clean calving box or maternity pen after each calving 9 (45) 11 (55)
Cleaning and disinfecting hands between age groups handling 7 (35) 13 (65)
Cadaver storage facility frequently cleaned and disinfected 15 (75) 5(25)
Nonprofessional visitors use farm-specific footwear 0(0) 20 (100)
Nonprofessional visitors use farm-specific clothing 0(0) 20 (100)
Check for visitors use of a disinfection footbath 0(0) 20 (100)
Professional visitors wear or dressed in herd-specific protective clothing 1(5) 19 (95)
Presence of disinfection footbaths at the gate 0(0) 20 (100)
Presence of car wash dip at the gate 0(0) 20 (100)
Presence of disinfectant foot baths between premises 0(0) 20 (100)
Total score of the isolation biosecurity practices 46

Minimum-maximum biosecurity score of dairy farms 3-25

Mean =+ standard deviation biosecurity score of farms 16.65+6.83
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Table 7 Percentage practices of the animal health management biosecurity components
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Biosecurity practice Yes (%) No (%)
Vaccination of cattle before being introduced into the herd 7 (35) 13 (65)
Testing animals moving onto the farm 0(0) 20 (100)
Presence of accurate disease record 0(0) 20 (100)
Offering newborn calves more than 2-4 L of colostrums within 2-12 h of birth 14 (70) 6 (30)
Recording of the number of animals that died or destroyed 0(0) 20 (100)
Documenting of relevant disease management strategies 0(0) 20 (100)
Routine diagnostic testing farm stock 0(0) 20 (100)
Following veterinarian-reviewed infectious disease and parasite control program 18(90) 2(10)
Routine inspection of farm stock 10(50) 10 (50)
Routine vaccination of cattle 16(80) 4(20)
Recording the number of animals with disease 0(0) 20 (100)
Test all purchased animals 0(0) 20 (100)
Total score of the isolation biosecurity practices 12
Minimum-maximum biosecurity score of dairy farms 1-5
Mean = standard deviation biosecurity score of farms 3254+1.07
Table 8 Component specific biosecurity score, percentage and level implemented by dairy farms
Farm ID Traffic control Isolation Sanitation Animal health
management

BS % BL BS % BL BS % BL BS % BL
01 13 325 Poor 13 48.1 Poor 17 370 Poor 4 333 Poor
02 15 375 Poor 18 66.6 Good 16 34.8 Poor 3 25.0 Poor
03 17 42.5 Poor 17 62.9 Good 16 348 Poor 4 333 Poor
04 15 375 Poor 14 51.8 Good 3 6.5 Poor 2 16.7 Poor
05 14 35 Poor 12 444 Poor 9 196 Poor 2 16.7 Poor
06 16 40 Poor 1 40.7 Poor 7 15.2 Poor 2 16.7 Poor
07 20 50 Good 19 703 Good 21 45.7 Poor 3 250 Poor
08 23 575 Good 22 814 Good 23 50.0 Good 4 333 Poor
09 21 525 Good 18 66.6 Good 24 522 Good 5 41.7 Poor
10 20 50 Good 18 66.6 Good 21 45.7 Poor 4 333 Poor
11 22 55 Good 21 777 Good 22 47.8 Poor 4 333 Poor
12 19 47.5 Poor 20 741 Good 10 21.7 Poor 4 333 Poor
13 19 47.5 Poor 17 62.9 Good 14 304 Poor 3 250 Poor
14 16 40 Poor 24 88.8 Good 23 500 Good 3 250 Poor
15 21 525 Good 24 88.8 Good 25 543 Good 5 417 Poor
16 18 45 Poor 16 59.2 Good 6 13 Poor 1 83 Poor
17 19 475 Poor 16 59.2 Good 13 283 Poor 3 25.0 Poor
18 18 45 Poor 18 66.6 Good 25 543 Good 2 16.7 Poor
19 18 45 Good 20 74.1 Good 16 348 Poor 4 333 Poor
20 20 50 Good 19 70.3 Good 22 47.8 Poor 3 250 Poor

BS: Biosecurity score; BL: Biosecurity level

exist as well as its implementation at farm level was also  show and then return, no equipment used for different

poor which are the same reported by (Mee et al. 2012).

purposes and no sharing of equipment and machinery

Among highly implemented biosecurity practices in  with other farms which is different with Brennan et al.
the present study (>90%) are:-no vehicles frequently (2008) that reported almost half of the farmers shared
move off property, go to property, sale yard, abattoir or  equipment with other farms. In the present study, having
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Table 9 Summary of general biosecurity score, percentage and
Implementation status of dairy herd owners in and around Harar
and Dire Dawa cities

ID.No Biosecurity score Percentage of Biosecurity
(n=125) score compliance

01 47 37.6 Poor
02 52 416 Poor
03 54 432 Poor
04 34 27.2 Poor
05 37 29.6 Poor
06 36 288 Poor
07 63 504 Good
08 72 576 Good
09 72 576 Good
10 63 504 Good
M 69 552 Good
12 52 416 Poor
13 53 424 Poor
14 66 52.8 Good
15 75 60.0 Good
16 41 328 Poor
17 51 40.8 Poor
18 63 504 Good
19 58 46.4 Poor
20 64 51.2 Good

an implementation of insect or rodent control plan was
15 (75%) which was more implemented than (Can and
Altug 2014), that reported (46%) and (Renault et al.
2017), that reported around 65% of insect or rodent con-
trol plan. Among participant of the present study dairy
herd owners, 9 (45%) closing gates and seeing visitors by
appointment, which implemented less than (Damiaans
et al. 2019), that reported (65%) access to the stables was
controlled by a closing gate and a requirement for visitors
to announce themselves before entering.

Component specific biosecurity status

Traffic control biosecurity was found the second mostly
implemented by status as there were 11-participant
“poor” status and 9 participants received “good” status.
All the participants (100%) do not share equipment and
machinery with other farms and do not allow vehicles to
frequently move off property, go to property, sale yard,
abattoir or show and then return, implemented more as
(Renault et al. 2017). The average traffic control biosecu-
rity score (measures to prevent pathogens from entering
a herd was 14.45 (range, 10-18) (Table 8), which is in
contrast to (Laanen et al. 2013), that reports average 65
(range, 45-89).
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From isolation biosecurity components, 11 (55%)
implemented isolation of sick animals in contrast to
Damiaans et al. (2019) that reported none of the farm-
ers isolates sick animals. Thus, according to the present
study, only 45% of farmers would have a chance of direct
and indirect contact to the herd unlike 100% by Dami-
aans et al. (2019). Practices of purchasing of replace-
ment animals from a herd with known health status was
60% in this study but the studies reported by Damiaans
et al. (2019) was implementing only 20% of purchasing of
replacement animals from a herd with known health sta-
tus. In the present study, 40% of herd owners quarantined
or tested new animal additions to their farm in contrast
to USDA that reported only 20% of herd owner imple-
ment quarantine or test of new animal addition. In the
present study average internal biosecurity score/isolation
(measures to reduce the within-herd spread of patho-
gens) was 21.5 (range, 13-28) which is different from
(Laanen et al. 2013) that reported an average 52 (range,
18-87). Of producers of dairy farming, 12 (60%) intro-
duced new animals directly into the herd without prior
isolation which was approximately the same reported by
Noremark et al. (2010). In these studies, dairy farmers do
not have a written plan for implementation of biosecu-
rity measures which was the same reported by Milanovic
(2019). Isolation component of biosecurity was recorded
of all biosecurity for its better implementation as there
were only three farms found with “Poor” status and the
other 17 participants were “Good” by status. From ten
dairy farms located in Harar city, only one (10%) was
evaluated to have “Good” biosecurity. On the other hand,
from ten study dairy farms of Dire Dawa town, eight
(80%) were evaluated to have “Good” biosecurity.

In the present study, none of the producers provided
protective clothing for visitors, which was less than (Can
and Altug 2014) that reported, 32% and 40% by Nore-
mark et al. (2010). Among professional visitors, who wear
or dress in herd-specific protective clothing was only 5%,
which was the same reported by Damiaans et al. (2019).
Regarding sanitation, only 5 of them got “good” and 15 of
them got “poor” status. Thus, sanitation was the second
least implemented biosecurity component. Vaccination
of cattle before being introduced into the herd performed
by 7 (35%) farms and 13 (65%) are not and again most
farmers implement routine vaccination of cattle 16 (80%)
which was contrary to veal farms (Damiaans et al. 2019)
that reported below this value. The health management
was the least implemented of all biosecurity components
due to all farms being found “Poor “by status. In this
study there was nothing found regarding the impacts of
education in implementation of biosecurity. However,
other studies reported the important role of education in
ensuring biosecurity practices (Moore et al. 2008; Wolff
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Table 10 Assessment of association between respondent’s socio-demographic and farm characteristics with general biosecurity

status
Variables Categories Number Biosecurity compliance Fisher’s exact p-value
Good (%) Poor (%) value

Gender Male 14 6 (42.9) 8 (57.1) 0.09 1.000
Female 6 3(50.0) 3(50.0)

Age (years) 31-45 8 2(25.0) 6 (75.0) 2.15 0.197
>45 12 7 (583) 5(41.7)

Marital status Married 17 9(529) 8(47.1) 2.89 0.218
Not married 3 0(0.0) 3(100.0)

Level of education Secondary 5 3(60.0) 2 (40.0) 061 0617
Higher education 15 6 (40.0) 9(60.0)

Occupation Civil servant 3 1(33.3) 2 (66.7) 0.90 0.835
Trader 6 2(333) 4(66.7)
Others 11 6 (54.5) 5(45.5)

Experience (years) 1-10 12 541.7) 7 (58.3) 0.13 0.714
More than 10 8 4 (50.0) 4 (50.0)

Previous training on dairy farm management No 17 8(47.1) 9(52.9) 0.19 0.660
Yes 3 1(333) 2 (66.7)

Member of a dairy farm cooperative(s) No 19 9(474) 10 (52.6) 0.86 0.353
Yes 1 0(0.0) 1(100.0)

Knowledge of biosecurity No 13 5(385) 8(61.5) 0.64 0423
Yes 7 4(57.1) 3(429)

Farm location Harar 10 1(10.0) 9(90.0) 9.90 0.005%
Dire-Dawa 10 8(80.0) 2(20.0)

Year of establishment 2007-2016 6 3(50.0) 3(50.0) 0.09 0.769
>2016 14 6(42.9) 8(57.1)

Farm size (m?) <2000 8 3(37.5) 5(62.5) 0.30 0.582
> 2000 12 6 (50.0) 6 (50.0)

Number of animals (herd size) <100 13 4(30.8) 9 (69.2) 3.04 0.081
100-150 7 5(714) 2(286)

Breed of cattle Holstein Frisian 13 7 (53.9) 6 (46.1) 1.17 0.279

et al. 2017; Robertson 2019). Despite low uptake of bios-
ecurity practices, in this study dairy farmers consider
biosecurity as important, which was also reported by
Brennan and Christley (2013).

Factors associated with overall biosecurity measures

Education improves the ability of searching and pro-
cessing information leading to a tendency of adopting
improved dairy technologies (Mengistu et al. 2016) and
affecting the implementation of innovation (Kouam
et al. 2018). In this line, a lot has to be done to motivate
herd owners to improve the educational status to enable
them to make an informed farm decision (Mengistu et al.
2016). In the present studies, 75% of dairy owners have
a higher education completed which was more practical
than 26.67% of (Lestari et al. 2019) and that of (Mengistu

et al. 2016), that reported 28% of the producers were edu-
cated. However, in this study education and herd size
was not found to affect the level of biosecurity adoption
unlike (Lestari et al. 2019), who claimed education and
herd sizes affect biosecurity adoption. Again, in other
studies, herd size is often correlated with the biosecurity
score (Can and Altug 2014; Laanen et al. 2013). Reference
Musaba (2010), stated that adoption of biosecurity meas-
ures was impacted by training, but in this study, biosecu-
rity was not impacted by training.

The significant association of location with biosecu-
rity of studies areas, significantly associated with the
level of biosecurity measure, could be due to culture,
climate and variation in the training and technical sup-
port between regions, which are the same to Sayers et al.
(2013).
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Conclusions
Although the present study, provides important informa-
tion on the socio-demographic characteristics of farm
owners, farm characteristics, awareness on disease con-
trol and biosecurity aspects in dairy farms, only location
of studies areas was found to have significant association
with general biosecurity status or level. Again, there are
a component of biosecurity, that used to evaluate gen-
eral biosecurity status which are isolation, traffic con-
trol, sanitation and animal health management with
respective implementation status. This study showed,
majority of biosecurity indicators were not being imple-
mented except isolation components. No training has
been provided to the farmers by the concerned govern-
ment’s body, no cooperation found on dairy farming by
dairy farmers. Thus, more studies that are comprehensive
would be needed for the future, especially; those of con-
cerned government bodies should be included for inves-
tigation of the reason for poor biosecurity status. Most
of animal health management and sanitation biosecurity,
are poorly implemented.

Thus, based on the above conclusion the following rec-
ommendations are forwarded.

+ Thus, raising awareness of dairy farm owners on the
importance of biosecurity on their farms and its sig-
nificance in disease prevention and economic pro-
ductivity.

+ Frequent delivery of capacity building training to
dairy farmers to develop their own biosecurity plan
and policy driven advocacy for the proper implemen-
tation of the biosecurity measures implementation at
farmers and country level.

+ Specially, isolation and animal health management
biosecurity component practiced in dairy cow farms
should be improved and followed by concerned regu-
latory body.

+ An update training programs should be arranged
regarding biosecurity to change the attitudes and
perception of producers concerning biosecurity prac-
tices.

« In order to encourage producers to increase biosecu-
rity implementation, regulations regarding financial
support and penalties could be quite useful both at
the regional and national levels.
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