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Abstract: Brucellosis is a zoonotic bacterial disease caused by several species in the genus Brucella. Reproductive losses are
the most common syndrome in animals, while people may suffer from a debilitating nonspecific illness or localized
involvement of various organs. Each species of Brucella tends to be associated with a specific animal host, but other species
can be infected, especially when they are kept in close contact. Sheep and goats are the usual hosts for Brucella melitensis, and
B. ovis primarily infects sheep. However, this organism is also reported to be common in camels and cattle in some regions
with extensive small ruminant populations. B. melitensis is the most dangerous to humans. Small ruminants often acquire B.
melitensis by coming into contact with organisms in vaginal discharges and birth products (placenta, fetus, and fetal fluids).
Most animals are thought to become infected by ingestion and through the oronasal and conjunctival mucosa, but this organism
can also be transmitted venereally and through broken skin. The genus Brucella is a non-spore-forming, facultative
intracellular, non-encapsulating, gram-negative coccobacillus. Humans usually become infected by ingesting organisms or via
contaminated mucous membranes (including the conjunctiva and respiratory tract) and abraded skin, consumption of
unpasteurized milk and by-products, and improper handling of disposable materials. The predominant clinical signs in sheep
and goats are abortions (most often during the last trimester), stillbirths, and the birth of weak offspring. Brucella ovis, which
mostly affects rams and causes epididymitis and orchitis, appears to be non-pathogenic for humans. Brucellosis hinders the live
animal trade and animal products internationally. Laboratorial examinations of brucellosis can be done by serological, cultural,
or molecular methods. An accurate diagnosis, the culling of diseased animals and ongoing observation of herds that are
brucellosis-free are necessary for the control of the disease in animals. The purpose of the review was to provide information
on sheep and goat brucellosis in Ethiopia, diagnostic methods, and the importance of public health, control, and prevention
concerns.
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and agro-ecologies [3]. Various Smallholder farmers prefer
sheep and goats to large ruminants for various reasons,
including reduced feed costs, faster returns, easy management,
and acceptable slaughter [4].

According to the Central Statistical Agency [5], Ethiopia
has the largest animal population in Africa, with 65 million
cattle, 51 million goats, 40 million sheep, 8 million camels,
and 49 million chickens; donkeys, 8.44 million, horses, 2.16
million, and mules, 0.41 million [6]. Lowland areas are home
to 73% of the country's goats and 25% of its sheep [7]. Sheep
and goats are the most important sources of cash income for

1. Introduction

Small ruminants, which account for about half of all
domesticated ruminants in the world, are a crucial part of the
farming system [1]. The small ruminant population in the
world is estimated to range from 1.35 billion to 1.94 billion [2].
Small ruminants play an important role in livestock husbandry,
particularly where livestock is kept for immediate cash, milk,
meat, wool, and saving. In tropical and subtropical Africa,
small ruminants provide a range of social and -cultural
activities that vary among different cultures, Socio-economies,
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rural women [8]. There are three predominant management
systems in the country: mixed crop-livestock, intensive
management, and pastoral/agro-pastoral (extensive). At
community grazing fields and watering stations, the country's
customary extended husbandry practices yield plenty of
blending of different animal species [9].

The livestock production system is predominantly
extensive, with indigenous breeds and low-input/low-output
husbandry practices. The productivity of this sector is
constrained by several factors. This can be due to
underfeeding, poor management, low reproductive
performance, feed availability during drought season, disease
incidence, parasitic diseases, poor genetics, and low
accessibility to services and inputs [10, 11]. In line with the
Food and Agriculture Organization and also the World Health
Organization, Brucellosis is one of the zoonotic diseases that
have spread among small ruminants [12-14]. Similarly, the
Office International des Epizooties (OIE) indicates
brucellosis is an infection and infestation that affects a
variety of animal species [15].

Brucella species are harmful bacteria that have an
inclination to adapt to new hosts. They’ll spread naturally to
their original hosts through direct or indirect contact, or
they'll spread to new vulnerable hosts inadvertently [16]. The
danger of brucellosis has increased because of mixed farming
with small ruminants functioning as primary hosts and cattle
serving as spillover hosts for B. melitensis [17]. Brucellosis
affects farm animals, wild animals, and marine mammals
everywhere on the globe and may be a public-health threat.
It’s a disease of the reproductive system, causing
inflammation of the reproductive organs and embryonic
membranes, causing abortion, infertility, and infection.
Invading Brucellae, usually localized in the lymph nodes,
results in local infection and the escape of Brucella from the
lymph nodes into the blood [14, 18]. Goats and sheep are the
primary hosts for B. melitensis and B. ovis, respectively [18,
19]. Brucellosis has an effect on the livestock industry
market because it reduces breeding efficiency, meat and milk
yield. Furthermore, the disease may be a significant
impediment to international trade in animals and animal
products [20].

Brucellosis could be a zoonotic disease that affects
humans, with an estimated half-million human cases reported
every year [21]. The disease is transmitted to people through
direct contact with infected animals and their tissues or fluid
discharges. Most routes of transmission to humans are
through the ingestion of raw milk or unpasteurized dairy
products [16]. As a result, the review's goal was to collect the
most current knowledge on small ruminant Brucellosis,
including its public health impact, etiology, diagnostic tests,
control, and prevention.

2. Literature Review
2.1. Etiology of Brucellosis in Small Ruminants

Brucella melitensis is the common cause of brucellosis in

sheep and goats. It belongs to the Brucellaceae family,
Rhizobiales order, and Alphaproteobacteria class [15]. Bruce
discovered the causative bacterium from the liver of a patient
who died of an infectious disease (Malta fever) in 1870 [22,
23]. The taxonomic factors that are likely to separate the
genus into numerous species are physiological variations,
phage susceptibility, host preference, and cell envelope
structural traits as rough and smooth [24]. In sheep and goats,
infection is caused by B. Melitensis is pathologically and
epidemiologically similar to B. abortus in cattle and
primarily pigs infected by B. susi but it has also been found
in sheep and goats [15]. It predominantly affects animals'
reproductive tracts, but it also offers a significant health risk
to humans [25, 26].

The most common Brucella species are Brucella abortus,
Brucella suis, Brucella melitensis, Brucella ovis, Brucella
canis, Brucella neotomae, Brucella ceti, Brucella microti,
Brucella pinnipedialis, Brucella inopinata, Brucella papionis,
Brucella vulpis, and other strains without standing in
nomenclature that include environmental samples [27, 28,
29]. B. ceti and B. pinnipedialis were recovered from marine
creatures; while B. inopinata (found in a very human body)
and B. microti were isolated from the common vole [30-32].
Cross-infection between species does occur, however,
through ingestion, inhalation, and direct contact, which are
the main routes of infection in both animals and humans [33].
Brucellosis in cattle is caused by B. abortus, which has eight
biovars; brucellosis in pigs is caused by B. suis, which has
five biovars; brucellosis in sheep and goats is caused by B.
melitensis, which has three biovars; B. ovis affects rams, and
B. canis affects dogs [18, 34].

The most common causes of brucellosis in small ruminants
are B. melitensis and B. ovis; however, B. abortus and B. suis
have been reported in small ruminants, indicating the
possibility of transmission from one species to another [30,
35]. Goat breeds are more susceptible to B. melitensis and
vary in sheep breeds. B. ovis primarily affects sheep [36] and
may be an explanation for orchitis and epididymitis in rams,
although ewes can also be infected [37]. The most pathogenic
species for humans are B. melitensis, B. suis, and B. abortus
[38], and B. canis incorporates a modest zoonotic potential
[39]. Some Brucella species are nonpathogenic to humans,
like B. neotomae, B. microti, and B. ovis [40].

Table 1. Brucella Species and their Host Preference.

Species Zoonotic importance Host preference
B. melitensis ~ High Sheep, Goat
B. abortus Moderate Cattle
B. suis Moderate Pig
B. canis Mild Dog
B. ovis Absent Sheep

Deseret wood rat
B. neotome Absent szl
B. ceti Mild Ceteceans
B. Pinnipedials Mild Seals
B. microt Absent Common Voles (Microtusarvalis)
B. inopinata Mild Undetermined host

Source: [43].
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Brucella melitensis causes abortion, weak offspring or
stillbirth, placental retention in females, and acute
epididymitis and orchitis in rams, which results in infertility
in both and economic losses [41, 42], Brucella species are a
host preference, as evidenced by their ability to determine
chronic infection in people as well as maintain transmission
and infection in groups of specific animal species [43]. Based
on their outer composition, Brucella can be as smooth (S) or
rough (R) and express an entire LPS molecule (S-LPS) that's
anchored within the outer membrane. The presence of S-LPS
appears to be associated with virulence. The commonly
identified human pathogens B. melitensis, B. abortus, and B.
suis are "smooth" because S-LPS is present in their outer
membrane. The remaining species (B. canis, B. ovis, and B.
neotomae) are characterized as rough strains, providing they
express little or no S-LPS and cause less severe or no disease
in humans [44].

2.2. Morphology

Brucellae are intracellular coccobacilli or short rods 0.6 to
1.5 m long by 0.5 to 0.7 um wide, usually arranged singly;
they rarely form pairs [34]. Brucella organisms require CO,
for their growth, especially B. abortus; such organisms are
called capnophilic organisms. Brucella doesn't have the
potential to survive at pH levels less than four [45]. Brucella
is fairly constant in morphology except in old cultures, where
pleomorphic forms may occur. Brucella could be a non-
spore-forming, non-motile, non-encapsulated, facultative
intracellular and gram-negative coccobacilli (or short rod)
bacterium that doesn't usually show bipolar staining [46].
They are not truly acid-fast but resist depolarization by weak
acids. Stamp's modification of the Ziehl-Neelsen stained red
is usually used for the microscopic diagnosis of brucellosis
from smears of solid or liquid specimens [47].

2.3. Epidemiology

2.3.1. Geographical Distribution

Brucellosis could also be a highly contagious bacterial
disease affecting both animals and humans [48]. The Middle
East, Central and Southeast Asia, Sub-Saharan Africa, and
parts of Latin America continue to be the most affected by
Brucellosis [49, 50]. This organism is absent from
domesticated animals in northern and central Europe,
Canada, the U.S., Australia, New Zealand, Japan, and some
other countries, but sporadic cases are occasionally reported
in travelers and immigrants [15]. Brucellosis is endemic in
Africa, particularly in North Africa, where sanitary data is
available, whereas in most African countries, fragmentary
clinical data collection does not provide a reliable prevalence
status [38].

Brucella melitensis should be taken into account as a re-
emerging pathogen [51]. Large numbers of bacteria are shed
within the birth fluids or fetus, placenta, and abortion
secretions of infected females. The bacteria can survive for
several months outdoors, especially in cold, wet conditions,
where they are still infectious to other animals, mainly

through ingestion and colonizing the wudder and
contaminating milk [52]. Sexually matured animals have a
greater susceptibility to brucellosis than young animals;
although it's possible for young animals to be latently
infected, and these animals may eventually become a source
of infection when mature [13].

Among Brucella spp., Brucella melitensis is the most
virulent, with biovars 1 and 3 being those isolated most
frequently in small ruminants within the Mediterranean, the
Middle East, and Latin America. Brucellosis can be a barrier
to live animal trade and animal products. Brucellosis is of
major economic importance in most countries of the world,
and it affects approximately 50% of the livestock population
worldwide and continues to increase in distribution [53].

Goats are the classic and natural hosts of B. melitensis and,
together with sheep, are its preferred host. In pathological
and epidemiological terms, B. melitensis infection in small
ruminants is similar to B. abortus infection in cattle. The
main clinical manifestations of brucellosis in ruminants are
abortions and stillbirths, which usually occur in the last third
of the pregnancy following infection, and usually only once
in the animal’s lifetime [54]. Among the members of the
Brucella group B. abortus, B. melitensis, and B. suis species
don't seem to be host-specific. From epidemiological
evidence, the three species cause infection in an exceedingly
wide range of animals, including humans. Cross transmission
of brucellosis can occur among cattle, goats, swine, sheep,
and other species, including horses, dogs, feral swine, bison,
reindeer, and camels [51].

The distribution of human brucellosis has changed over the
last fifty years because of various factors like sanitary,
socioeconomic, and political conditions, together with the
increase in international travel and population migration [55].
The absence of human vaccines will still be a global health
threat. The human brucellosis vaccine remains challenging
due to the danger of the Brucella organism as a possible
bioweapon agent. It’s a high risk for human health problems,
affecting a minimum of a half-million people annually [56].
B. melitensis is the most widespread Brucella spp. infecting
humans, and there is no vaccine provided to the current point
[57, 58].

2.3.2. Status of Small Ruminant Brucellosis in Ethiopia

Ethiopia's livestock development is hampered by both
technological and institutional constraints. Poor links
between technological sources like research centers and end
users, as well as inadequate extension and financial services,
are all limiting institutional issues [59]. Inadequate and low-
quality nutrition, extensive disease prevalence, and poor
genetic makeup of the animals are among the technical
problems, owing partially to a lack of superior breeds or their
prohibitive prices [11].

Ethiopia has reported cases of brucellosis in both humans
and animals from a number of agro-ecological and pastoral
systems. Investigations on animal prevalence were restricted to
serological surveys and mostly focused on bovine brucellosis,
with sporadic studies on goats, sheep, and camels. According
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to a meta-analysis, seroprevalence was highest in Southern
Ethiopia (8 percent on average (4.0-12.0 percent), followed by
Northern Ethiopia (3 percent on average (1.0-7.0 percent),
Eastern Ethiopia (1% on average (1.0-3.0 percent), and the
lowest in Central Ethiopia 0.0-3.0 percent [60].

In Ethiopia, the economic impact of brucellosis on
livestock production is unknown. However, some researchers
have revealed a connection between seropositivity and a
history of spontaneous miscarriage in animals. A lack of
veterinary infrastructure, poor veterinary research, and a lack
of community awareness creation and zoonotic relations all
contributed to the knowledge gap regarding the disease's
state. According to the sero-surveillance study, one of the
most prevalent infections among goats and sheep producers

may be brucellosis (Table 2). While [61] reported a high
prevalence rate of 17.36 percent in small ruminants in the
Borena zone of the Pastoral Area, [10] reported a low
prevalence rate of 0.7 percent in and around Kombolcha,
Ambhara Regional State.

The Bruce-ladder multiplex PCR technique was used to
identify four isolates of B. melitensis, from three vaginal
swabs and one from milk samples, during a genetic
investigation in the Amibara district of the Afar Regional
State, Ethiopia [62]. Similar to this, only two out of 14
cultivated plates showed bacterial growth, indicating that the
two isolates were positive for B. melitensis by PCR, from
tissue samples taken from 14 goats that were positive for the
RBPT [63].

Table 2. CFT and ELISA based Brucellosis seroprevalence reports on Small Ruminant in different location in Ethiopia.

S/n Study area Region Prevalence % References
1 Tellalak District Afar 13.7 [64]
2 Chifra and Ewa Districts Afar 12.35 [65]
3 Yabello and Dire district Oromia 8.8 [66]
4 Pastoral and Agro-pastoral Lowlands Somali and Oromia 33 [63]
5 Borena Oromia 32 [67]
6 Dire Dawa Administrative Council Dire Dawa 2.6 [68]
7 Hamer & Bena tsemay SNNP 1.98 [69]
8 Tselemti Tigray 1.7 [21]
9 Three districts of Jijiga Zone Somali 1.37 [70]
10 Kombolcha & surrounding area Amhara 0.7 [10]
11 Borena Pastoral area Oromia 17.36 [61]
12 Borena and Somali Pastoral area Oromia and Somali 12.84 [71]
13 West Hararghe Oromia 0.24 [72]
14 East Hararghe Oromia 0.8 [73]
15. Bale (dallo-manna) Oromia 2.9 [74]
16. Jimma zone Oromia 4.7 [75]

2.3.3. Source of Infection and Mode of Transmission

Transmission of B. melitensis between animals occurs
mainly by environmental contamination after abortions or by
direct contact. Sexual transmission is also a main route of
infection, probably more so in small ruminants than in cattle.
Animal owners are more at risk of commingling small
ruminants from different herds than they will do with cattle,
which promote the transmission of the disease. Dogs can
acquire infection with Brucella species; including B.
melitensis, by ingesting placental material and aborted
fetuses, and then infect humans and domestic livestock. B.
melitensis and B. ovis are found mainly in small ruminants,
but B. melitensis also infects other animal species [13].

The disease is responsible for considerable economic
losses to the small-ruminant industry and is a serious
zoonotic disease around the globe [76, 77]. Materials
excreted from the female genital tract are the greatest supply
of organisms for transmission to other animals and humans.
The infected animal, after abortion or full-term parturition,
disseminates Brucella organisms through the placenta and
fetal fluids/discharge within which large numbers of
organisms are shed [76].

Horizontal infection occurs through udder contamination
during skin penetration, milking, ingestion of contaminated
feed, inhalation via conjunctiva, and licking the discharge of

a newborn calf, or retained membrane [78]. The importance
of venereal transmission varies with the species; it's the
primary route of transmission for B. ovis, B. suis, and B.
canis, but for B. abortus and B. melitensis it's not common
[79]. The degree of infection in milk and uterine exudates is
much lower in sheep. Studies indicate that 70-90% of
Brucella infection occurs via the skin and membrane by
direct contact [80]. Sheep and goats may remain infected for
years, and reinvasion of the uterus can occur during
subsequent pregnancies. Shedding within the vaginal
discharges of goats could even be persistent, lifelong for 2-3
months, and maybe elongated. B. melitensis is additionally
shed in milk, urine, and semen [15].

Vertical transmission: B. melitensis is transmitted from the
dams to lambs or kids in utero, but the bulk of infections are
probably acquired by consumption of colostrum or milk.
These lambs may have infections within the lymph nodes
draining the digestive tube and may excrete Brucella
organisms. It’s also probable that a self-cure mechanism is in
most of the infected lambs and the survival of latent
infections importantly increases. Lambs and kids remain
fully susceptible after they reach sexual maturity. The
problem of eradicating this disease persists without having a
detectable immune response because of immunotolerance.
The precise mechanism by which latent B. melitensis
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infections occur is unknown [81].

Small ruminants are infected after they're young and
sometimes become persistent carriers. They’ll remain
undetectable by diagnostic tests, including serology, until
they give birth or abort. A small percentage of these
animals could also be born infected, but most are thought
to accumulate B. melitensis after they nurse from an
infected dam. B. melitensis is additionally detected in
blood-sucking arthropods like ticks, and B. abortus has
been transmitted to guinea pigs via tick bites within the
laboratory. Trans-ovarian transmission of B. melitensis
was reported in ticks [15].

Transmission to humans is through direct contact with
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infected animal carcasses, consumption of unpasteurized
milk and animal products, aborted fetuses, and placentas.
It’s common to find human cases that involve goats during
a section where a vigorous brucellosis outbreak occurs.
Infected animals, contaminated raw vegetables and water
can even be a source of infection. Human infections may
occur through breaks within the skin when handling
infected animal tissues [56]. In the laboratory and possibly
in abattoirs, Brucella is additionally transmitted through
aerosols, contact with laboratory cultures and tissue
samples, and accidental injection of live Brucella vaccines
[82].
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Figure 1. Shows Mode of transmission of Brucella to humans. Source: [83].

Risk Factors: Brucellosis is predominantly an occupational
disease of those working with infected animals or their
tissues, but can also infect consumers of unpasteurized dairy
products and hunters who unknowingly handle infected
animals. Illness in people can be very protracted and painful,
and can result in an inability to work and a loss of income.
Travelers to areas with enzootic diseases who consume local
delicacies, such as goat, sheep, or camel milk or cheese, may
become infected [84]. Host factors (intrinsic) are breed,
agent, sex and age [85]. Furthermore, as environmental
factors like management and ecology are related to
brucellosis [86], it’s widely accepted that susceptibility
increases with sexual development and pregnancy [87]. Kids
and lambs may become infected before or soon after birth
and have a tendency to become free from infection before
reaching breeding age. Infection, on the other hand, can
sometimes last much longer [85]. Brucella melitensis
infection causes disease in sexually mature females and
males. Young animals are infected but don't show any clinical
signs and regularly show only a weak and transient
serological response [88].

Breeding of ewes with infected rams rarely causes the
disease in ewes, and abortion rates are low [85]. Animals of
exotic breeds and their hybrids are found to be at higher risk.

This might go together with better producers and intensive
management [19]. Most breeds of goats are fully prone to B.
melitensis. There’s great variation within the susceptibility of
various breeds of sheep, where Malta sheep are very
resistant, whereas fat-tailed sheep are very susceptible [85].
Brucella is an intracellular bacterium, hence their protection
from the innate hosts defense and therapeutics, and
moreover, during a very dormant state, it doesn't cause the
formation of humoral antibodies [87].

The PH of the environment: The Brucella organism is
sensitive to direct sunlight, disinfectants, and pasteurization.
Brucella may retain infectivity for several months and
survive for up to 4 months in milk, urine, water, and damp
soil under proper environmental conditions [85, 88].
Disinfectants like hydrated oxide, formalin 2%, Lysol 1%,
hypochlorite solutions, and 70% ethanol destroy Brucella.
They're going to even be destroyed by moist heat at 121°C
(250°F) for a minimum of a quarter-hour, dry heat of 320-
338°F (160-170°C) for a minimum of 1 hour, gamma
irradiation, and pasteurization. Boiling for 10 minutes is
often effective for liquids [88].

Husbandry systems have a significant impact on the spread
of infection. Lambing within dark, crowded enclosures is
more favorable for spreading the disease than lambing within
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an open environment. The most considerable risk factor for
introducing the disease into a previously non-infected area is
the purchase of infected animals. In several countries, there's
a strong correlation between the prevalence of brucellosis in
small ruminants and the practice of transhumance [89].

The reservoir hosts livestock like cattle, goats, sheep,
pigs, camels, buffalo, and dogs [90]. The organisms reside
inside cells of the immune system and reproductive tract
and cause lifelong, chronic infections [91]. Carrier animals
facilitate the transmission of brucellosis by contaminating
the environment and also serving as the site of
multiplication for the Brucella organisms in their bodies
and excreting the agents. The execrable organisms infect
animals and humans, which then cause hazards to the health
and economy of the country.

Carriers like dogs, cats, and wild carnivores like foxes and
wolves, which may be important as mechanical disseminators
of infection by carrying away infected material like fetuses or
fetal membranes, enhance the viability of the organisms
within the environment, thus increasing the prospect of
infecting susceptible animals [51]. People who work with
animals or are exposed to infected blood are more likely to
contract brucellosis. In addition to veterinarians, dairy
farmers, ranchers, hunters, microbiologists, and people
handling artificial incrimination, abattoir and slaughterhouse
personnel working in endemic areas are in danger and
regarded as potential bioweapons [89, 92].

2.4. Pathogenesis and Clinical Sign

2.4.1. Pathogenesis

Following cell invasion, Brucella strains survive and
multiply in both phagocytic and non-phagocytic cells. The
main targets for this bacterium are macrophages, dendritic
cells, and trophoblasts cells. However, Brucella can also
multiply within other cells, such as murine fibroblast or
epithelioid cells [93]. Bacteria can spread in a host through
the lymph nodes and then translocate to the reproductive
tract's preferred issues [94]. There, Brucella induces acute or
chronic infection of the reproductive tract that leads to
abortion or severe reproductive tract diseases [95]. Brucella
melitensis can infect mammalian hosts by abrasions or
scrapes on the skin, as well as the ocular, reproductive,
respiratory, and gastrointestinal tracts. Brucella in
phagosomes survives by reducing host cell apoptosis and
decreasing phagosome-lysosome fusion. They multiply in
vacuoles within the endoplasmic reticulum and visit a range
of organs, including the liver, spleen, muscle, and therefore
the wurogenital tract, where they cause granulocytic
inflammation with or without necrosis [92].

The Brucella organisms enter the placenta and eventually
the fetus after spreading through the hematogenous pathway in
females because of the provision of allantoic fluid components
(erythritol, four-carbon alcohol) that will drive Brucella
expansion, preferentially localized to the reproductive tract of
pregnant animals. The Brucellae proliferate significantly
within the chorioallantoic trophoblasts, which are a serious
component of the placenta and are linked to abortion. The

termination of the pregnancy is due to loss of placental
integrity and fetal infection, which results in premature birth
and infected lambs or kids [86]. Additionally, hormonal
abnormalities in infected placentas may mark the occurrence
of abortion, as an increase in prostaglandin, estrogen, and
cortisol, as well as a decrease in progesterone, may affect the
occurrence of abortion in infected placentas. The uterine
infection can last up to five months after an abortion, and the
duct gland can even be affected [96, 97].

2.4.2. Clinical Signs of Brucellosis in Sheep and Goats

The incubation period of brucellosis in animals varies
markedly depending on the size of the infective dose, age,
sex, stage of gestation, and immunity of the affected animals
[96]. Infection of the reproductive tract and abortions are the
most common clinical symptoms of brucellosis in sheep and
goats. On the other hand, cattle and goats may remain
infected during their entire lives, in which case they suffer
from chronic brucellosis. Moreover, they can transmit the
disease to other animals and may be an important source of
human infection through their milk and meat products [98].

Abortion occurs in cattle after the fifth month of pregnancy,
while it occurs in the last two months of pregnancy in sheep
and goats. Most animals do not miscarry in the second and
subsequent pregnancies [98, 99]. In subsequent pregnancies,
the uterus is invaded again, and organisms are shed together
with the membranes and fluids [96]. Retained placenta,
metritis, hygroma, orchitis, epididymitis, decreased milk
production, permanent or temporary infertility, delay in
reproductive seasons, and increased lactation intervals can be
cited as other symptoms of this disease. In all sexes, severe
lymphadenitis involving the retropharyngeal and inguinal
lymph node is often present, although other lymph nodes may
be affected [98]. The incubation period might range from 15
days to months or even years [100]. It’s possible that excretion
within the vaginal fluid and urine will remain for 4-6 months,
and non-pregnant sheep and goats are asymptomatic [30]. The
necrotic cotyledons become thicker and dull-grey in color,
losing their blood-red look. The epididymis grew four or five
times its size during the chronic stage of the disease. These
lesions don't seem to be Brucellosis pathognomonic [101].
Dogs can become infected by swallowing aborted fetuses
and/or placental material and infect humans and domestic
livestock [13].

In humans, B. melitensis and B. suis are known to be
extremely dangerous [51]. Brucellosis causes intense fevers,
sweats, headaches, and flu-like symptoms in people [48,
102]. Because of the shortage of erythritol within the human
placenta and fetus, it is widely assumed that brucellosis
causes fewer spontaneous miscarriages than it does in
animals. Anti-Brucella action has also been found in human
humor [86].

2.5. Economic Significance of Small Ruminant Brucellosis

Brucellosis in sheep and goats could be a zoonotic
infection that has significant public health, animal health, and
production effects. Detaining seropositive animals in
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quarantine has a negative economic impact because small
ruminants and their products could be valuable export items.
The main economic effects of brucellosis are the loss of
animal genetic resources; death in lambs and kids; outbreak
investigation; vaccine and research costs; movement
restrictions; culling of infected animals; and export loss due
to the risk of infected meat, milk, and by-products. Abortion,
stillbirth or weak lambs or kids, loss of production, and
infertility are all results of reproductive losses [103].
Brucellosis is usually a disease of animals, with people
functioning as intentional hosts [58].

The expansion of animal industries, poor hygienic farming
systems, inappropriate food processing, and consumption of
raw milk and by-products have all contributed to the
persistence of brucellosis as a public health problem.
Brucella melitensis, Brucella abortus, and Brucella suis are
the most common causes of brucellosis in humans. Since
there's close contact between humans and their livestock,
which sometimes share identical housing enclosures, there's a
significant health risk to the whole community [13]. People
at high risk include slaughterhouse workers, hunters, farmers,
veterinarians, and laboratory personnel [51]. Infected herds'
milking intervals are lengthened as a result of sterility, and
therefore the average inter-calving duration could be
extended by several months. Infection-related production
losses, preventative measures, and, within the case of
humans, treatment expenditures and absenteeism from work
all entail a variety of economic implications [78].

2.6. Diagnostic Methods of Brucellosis in Small Ruminants

2.6.1. Direct Microscopic Examination

Modified Ziehl-Neelsen staining will be used to stain
placental cotyledon smears, discharge, or fetal stomach
contents. Brucellae aren’t acid-fast organism, but they are
resistant against decolorization by weak acids and stain red
[104]. They seem like gram-negative coccobacilli or short
rods; this can lead to a presumptive brucellosis diagnosis
(Mizak et al., 2014). Infectious agents like Chlamydia
species and Coxiella burnetii, on the other hand, have a
superficial resemblance to Brucella [51].

The impression smears will be done by firmly pressing the
slide surface on the tissue from freshly sliced and blotted tissue
surfaces. The smears were dried on air before being fixed with
heat. After staining with Modified-Ziehl-Neelsen, the bacteria
appear as red intracellular coccobacilli, whereas most other
bacteria stain blue [104]. However, other organisms that
induce abortions, morphologically related bacteria, can
confuse the diagnosis [45]. Because there are fewer Brucella in
milk and dairy products, direct microscopic approaches have
low sensitivity. The presence of fat globules can often make
interpretation difficult. Culture and polymerase chain reaction
(PCR) procedures will be employed to verify the results,
whether positive or negative [105].

2.6.2. Bacterial Isolation and Identification
Bacterial isolation is the gold standard diagnostic approach
for brucellosis because it's specific and allows biotyping of

the isolate, which is vital in terms of epidemiology [106].
The Brucella organism should only be handled in level three
laboratories; it's one of the most prevalent lab-acquired
illnesses, especially in research labs [107]. The selection of
samples for diagnosing animal brucellosis by culture
investigation is principally supported by the clinical signs
observed. Vaginal secretions (swabs), aborted fetuses
(stomach contents, spleen, and lung), fetal membranes, milk,
semen, the testis or epididymis, and infected joints and
hygroma fluids are among the most important samples. At
necropsy, the spleen, various lymph nodes (supramammary
and vaginal lymph nodes), the pregnant or early post-
parturient uterus, the udder, and therefore the male sex organ
are additionally recommended. Growth appears in 3—4 days
on average, although cultures shouldn't be discarded as
negative until 10-20 days have passed [15].

A vaginal swab may be an excellent source of Brucella
recovery following an abortion or parturition, and it is
significantly less harmful to the person [15]. Suspected
samples were immediately transported to the diagnostic
laboratory for isolation [108]. The swab is then streaked
immediately onto selective solid media and a pool of milk
samples from all four mammary glands [45]. Isolation of
Brucella spp. from vaginal swabs, sperm, and seminal fluid is
more challenging because there are few live organisms, and
contamination of clinical samples leads to false-negative
results [109].

Brucella spp. may be a fastidious bacterium that demands
plenty of nutrients so as to grow. Additionally, it requires an
outsized number of viable bacteria in clinical samples,
adequate storage, good laboratory facilities, and personnel
training so as to undertake the technique safely. On selective
medium, a blood agar base with 5% sterile sero-negative
equine or bovine serum is added. To inhibit the growth of
contaminants, nutrient-rich media supplemented with
antibiotics (Polymixin B 5,000 UI/L; bacitracin 25,000 UI/L;
cyclohexamide 100 mg/L; nalidixic acid 5 mg/L; nystatin
100,000 UI/L and vancomycin 20 mg/L) were used. In some
circumstances, an enrichment medium with specific
antibiotics can boost sensitivity [110].

2.6.3. Inoculation of Laboratory Animals

Unless absolutely required, laboratory animals mustn't be
used. However, in other cases, it should be the sole way to
detect Brucella, particularly when samples are extensively
contaminated or likely to contain a small number of Brucella
organisms [15]. Mice are reported to be the most commonly
utilized animal model in brucellosis studies [111]. Guinea
pigs are reported to be wvulnerable and may be used.
Suspected tissue homogenates of 0.5-1 ml were given
intramuscularly or subcutaneously, and samples were tested
and guinea pigs were sacrificed three to six weeks following
inoculation [112]. In mice, inoculation is through the
gastrointestinal tract or the nose (aerosol) [30]. Mice spleens
are cultured seven days after inoculation. Gastric acid, on the
other hand, has been shown to interfere with Brucella
infectivity in experimental animals [111].
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2.6.4. Molecular Methods

The PCR, which incorporates a real-time format, adds to
the detection and identification of Brucella spp. [105].
Despite the high degree of DNA homology within the genus
Brucella, numerous molecular approaches have been
developed, like PCR, fragment length polymorphism
(RFLP), and Southern blot, that allow the excellence of
Brucella species and certain of their biovars to some extent.
Differentiation of assorted Brucella species has been
achieved using pulse-field gel electrophoresis. Although PCR
may successfully identify Brucella species and differentiate
vaccine strains, there has been minimal validation of PCR for
direct diagnosis [113].

For Brucella identification and typing, molecular biological
approaches, often supported by polymerase chain reaction
(PCR) amplification, are successfully utilized to bypass the
challenges of bacteriological testing [114]. DNA isolation from
biological samples could be a critical step in PCR-based
procedures, and its quality has a major impact on the method's
sensitivity [115]. PCR-based identification was originally
developed to work out bacterial isolates [116]. However, these
approaches are now also utilized to detect Brucella species in
animal clinical samples and humans [115].

PCR utilizing one set of primers specific to bacterial DNA
sequences, like the 16S-23S rRNA operon, IS711, or
BCSP31 genes, is the easiest and most reliable method of
Brucella identification [117]. It’s feasible to spot the four
Brucella species: Brucella melitensis, Brucella abortus,
Brucella suis, and Brucella canis employing a combination of
primer pairs for amplification of BCSP31, OMP2B, OMP2A,
and OMP31 genes encoding external membrane proteins
[118]. The technique's overall performance can be
determined by the DNA extraction protocol, the type of
clinical sample used, and the detection limits of each protocol
[119]. Due to the numerous risks of laboratory-acquired
infections, routine identification and classification of
brucellosis suspected specimens, supported culture isolation
and phenotypic characterization necessitate biosafety level-3
(BSL-3) techniques [120].

Real-time PCR is a variety of PCR that's faster and more
sensitive than traditional PCR [121]. The power to quantify
DNA copy number and mRNA expression levels, similarly to
the quick identification and discrimination of Brucella
species, has made Real-Time PCR an appealing and
accessible technology [122]. Real-time PCR appears to be
extremely repeatable, fast, sensitive, specific, and
straightforward to standardize, and therefore the danger of
infection among laboratory personnel is low. There’s no need
to examine PCR products using agarose gel electrophoresis
and no need to handle PCR products after amplification,
minimizing the danger of laboratory contamination and false-
positive results [123]. Using fluorescence resonance energy
transfer, three distinct real-time PCRs were created to
uniquely detect seven biovars of B. abortus, three biovars of
B. melitensis, and one biovar of B. suis [123].

The upstream primers for these real-time PCRs came from
the IS711 insertion element, while the reverse primer and

FRET probes came from distinct species or biovar-specific
chromosomal locations [124]. B. abortus-specific assays had
sensitivity to 0.25 pg DNA, which corresponded to 16-25
genome copies, and B. melitensis and B. suis-specific assays
had similar detection values. These assays target the 16S-23S
ITS region, the IS711 element, and therefore the genes omp25,
omp31, and besp31 [125]. The besp31 gene target may be a
good choice for genus-level identification of bacteria. It’s
possible to validate the initial diagnosis by employing a second
gene target, like IS711, to spot the species [126].

The first species-specific multiplex PCR technique for the
differentiation of Brucella was described by Bricker [127].
The AMOS-PCR assay supported a polymorphism resulting
from species-specific localization of the insertion sequence
IS711 within the Brucella chromosome, and it included five
oligonucleotide primers that would identify B. abortus
biovars 1, 2, and 4 without distinguishing them, but not
biovars 3, 5, 6, or 9. The assay has been modified over time
to boost performance, and extra strain-specific primers for
identifying B. abortus vaccine strains, as well as other
biovars and species, have been added [128]. For quick and
straightforward one-step identification of Brucella, a
completely unique multiplex PCR test (Bruce-ladder) has
been developed [129]. The biggest advantage of this assay
over previously documented PCR is that it can identify and
discriminate most Brucella species, including the vaccine
strains B. abortus S19, B. abortus RB51, and B. melitensis
Rev.1, during a single step [129].

The first species-specific multiplex PCR assay for the
differentiation of Brucella was described by [127]. The
assay, named AMOS-PCR based on a polymorphism
resulting from species-specific localization of the insertion
sequence IS711 within the Brucella chromosome, and it
included five oligonucleotide primers that would identify B.
abortus biovars 1, 2, and 4 without distinguishing them, but
not biovars 3, 5, 6, or 9. The assay has been modified over
time to boost performance, and extra strain-specific primers
for identifying B. abortus vaccine strains, as well as other
biovars and species, have been added [128]. For quick and
straightforward one-step identification of Brucella, a unique
multiplex PCR test (Bruce-ladder) has been developed [129].

The biggest advantage of this assay over previously
documented PCR is that it can identify and discriminate most
Brucella species, including the vaccine strains B. abortus
S19, B. abortus RB51, and B. melitensis Rev.l, in an
exceedingly single step. This novel PCR assay distinguishes
between all currently recognized Brucella species, including
the recently described species B. pinnipedialis (formerly
named 'B. maris' or 'B. pinnipediae'), B. ceti (formerly named
'B. maris' or 'B. pinnipediae'), and B. microti, including some
more recently described strains of the latter species [31, 130].

Immunohistochemistry could be a technique that may be
used to diagnose Brucella species infection. It's been widely
employed in investigations of brucellosis development and
diagnostics, with in-place localizations of organisms within
Brucella-induced lesions [101]. This method has the advantage
of not requiring live microorganisms and allowing
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retrospective analyses [131]. Although immunohistochemistry
is easy, various parameters, like the fixation process and first
antibody selection, can influence the result [132].

2.6.5. Serological Test

The Rose Bengal agglutination test (RBAT) may be a fast
test with low sensitivity and specificity [133]. The Rose
Bengal plate test could be a serum-based rapid slide-type test.
The agglutination of blood antibodies against smooth
lipopolysaccharide is the general principle of those tests.
Inactivated B. abortus entire cells were dyed with Rose
Bengal dye and buffered at pH 3.65 to forestall nonspecific
agglutinins. It’s the most commonly used test for brucellosis
screening, especially in laboratories with limited resources,
because of its simplicity and cheap cost [134].

The Rose Bengal Agglutination test results were
interpreted to support the degree of agglutination and got the
numbers 0, +, ++, and +++. A score of 0 indicates no
agglutination; + indicates agglutinations that are scarcely
visible; ++ indicates fine agglutination; and +++ shows
coarse clumping. Agglutination with +, ++, and +++ is taken
into account as positive [88]. The Rose Bengal agglutination
test has low sensitivity, especially in chronic instances, and
low specificity in endemic areas, likewise as prozone effects,
which cause strongly positive sera to appear negative within
the Rose Bengal Test, especially in animals exposed to
brucella or having a history of infection [135]. The World
Health Organization (WHO) recommended further assays
like CFT should be done to confirm the Rose Bengal Test due
to cross reaction [136, 137].

The complement fixation test detects IgM and IgGl
antibodies with excellent accuracy and fixes complement. It’s
employed as a confirmatory test for B. abortus, B. melitensis,
and B. ovis infections and is therefore the OIE's approved
reference test for international animal transit [30]. The CET
has two-step reactions; the primary step is that the antigen,
complement, and serum are mixed and incubated at 37°C for
half an hour, then the indicator system is added and
incubated. The complement fixation test has a high cost, a
high level of execution complexity, and also requires
specialized equipment and laboratory employees. The CFT
has drawbacks with hemolysed serum, anti-complement
activity, and also the presences of prozone events [104, 138]
describe a sensitivity range of 77.1 to 100% and a specificity
range of 65 to 100%. Because CFT captures more IgGl
antibodies than IgM antibodies, and since IgG1 antibodies
normally emerge after IgM antibodies, CFT is the ideal tool
for brucellosis control and surveillance [139].

The slow agglutination tube test (SAT) is the earliest
serological test for the diagnosis of brucellosis, supported by
bacterial antigen agglutination, notably by IgM under neutral
pH. It’s the most precise and preferred method of diagnosis,
with a high specificity of 100.0 percent and an occasional
sensitivity of 95.6 percent [140]. It counts the full number of
IgM and IgG agglutinating antibodies. Treatment of the
serum with 0.05M 2-mercaptoethanol (2ME), which
inactivates the agglutinability of IgM, determines the number

of particular IgG. Cross-reactivity of the Brucella smooth
lipopolysaccharide antigen with other gram-negative bacteria
raises the danger of false-positive results [104]. In both acute
and chronic occurrences of brucellosis, the enzyme linked
immunosorbent assay (ELISA) is more sensitive, providing a
significant diagnostic advantage in endemic areas. The
mixture of ELISA IgM and IgG tests should be utilized for
identification and proper diagnosis of suspected cases. The
presence of antibodies against the smooth lipopolysaccharide
is employed to diagnose brucellosis [141].

The enzyme-linked immunosorbent assay (ELISA) could
be a great tool for screening large groups of individuals and
animals for Brucella antibodies [51]. It is the go-to test for
complex, localized, or chronic cases, especially when other
tests return negative and there are plenty of clinical
suspicions. It can detect total and individual-specific
immunoglobulin (IgG, IgA, and IgM) within 4-6 hours and
has high sensitivity and specificity. In Addition to
immunoglobulin classes, ELISA may detect Brucella-specific
IgG subclasses and other Brucella immunoglobulin-like IgE,
unlike typical agglutination methods [142].

The indirect ELISA method is based on antibodies present
in the test sample binding specifically to immobilize antigen.
Chemically or enzymatically produced fluorescent,
luminescent, or colorimetric reactions are used to visualize
the binding event. There are numerous I-ELISA tests on the
market [45]. The indirect ELISA (I-ELISA) has been utilized
for the serologic diagnosis of brucellosis in cattle, sheep,
goats, and pigs. It’s also been used to make diagnoses with
cow's milk [143]. Indirect ELISA is commonly used for
smooth LPS Brucella spp., and it is sensitive and specific for
B. abortus or B. melitensis, but it cannot distinguish
antibodies generated by vaccine strains S19 or Revl [144]. I-
ELISA has a sensitivity range of 96 to 100 percent and a
specificity range of 93.8 percent to 100 percent [145].

In a competitive ELISA, samples are premixed with a
specific monoclonal antibody (Mab) in a preplate before being
transferred to a coated microplate. The monoclonal antibodies
(mAbs) have slightly lower affinity than the antibodies arising
from the infection [146]. The specificity of c-ELISA is
incredibly high and it's capable of identifying all antibody
isotopes (IgM, IgGl1, IgG2, and IgA) [104]. A competitive
ELISA (c-ELISA) coated plate with smooth Brucella LPS was
developed because the antigen can detect Brucella antibodies
in serum samples from cattle, sheep, goats, and pigs. This test
can distinguish between vaccination antibody responses and
real illnesses, with sensitivity starting from 92 to 100 percent
and specificity between 90 and 99 percent [116].

The milk ring test (MRT) is employed to screen herds for
brucellosis in lactating animals. The sensitivity of the test
becomes less reliable in large herds greater than 100 lactating
cows). To account for the dilution of bulk milk samples from
large herds, the MRT is adjusted. The following formula is
employed to switch the samples: For herds of fewer than 150
animals, a 1 mL bulk milk sample is employed; a 2 mL milk
sample is used for herds of 150-450 animals, and a 3 mL milk
sample is employed for herds of 451-700 animals. False-



140 Teferi Benti Moti: Review of the Diagnostic Method, the Importance of Public Health, and Current Status of
Brucellosis in Small Ruminants in Ethiopia

positive reactions can occur in calves who are vaccinated but 4
months before being tested, in samples that contain unusual
milk (such as colostrum), or in cases of mastitis. As a result,
using this test on extremely small farms, where these issues
have the greatest influence, isn't recommended [30].

Brucellin allergic diagnostic test: The skin test employs a
protein antigen derived from Brucella or brucellergene or
brucellin [116]. Because Brucellosis can cause cellular and
antibody-mediated responses within the host, the Brucellin
diagnostic test should be employed in cases of false-positive
serological reactions. Skin tests have a high specificity;
latently infected animals without detectable antibodies, as well
as unvaccinated animals that test positive, should be
considered infected [113]. As a consequence, the results of this
test may help interpret serological reactions that are assumed
to be false-positive because of infection with cross-reacting
bacteria, particularly in brucellosis-free locations [147].

The test requires injecting brucellin into the flank or
intrapalpebrally, then measuring the thickness of the skin
[148]. All infected animals that don't react to the present test
mustn't be used as a sole diagnostic tool or for international
trade (OIE, 2009). Similarly, post-vaccination, the test's
specificity is lowered, and also the requirement for 2 farm
visits, the time between repeat tests, and therefore the
subjective nature of result interpretation render this sort of
test impracticable for accurate diagnosis [149].

The gamma interferon assay for in-vitro detection of cell-
mediated immunity (lymphocyte transformation and
proliferation) revealed insufficient efficacy to be used for
routine Brucella infection diagnosis on a broad scale [47].
The identification of the involvement of certain cytokines,
like interferon (IFN) gamma, in protection against
intracellular agents has allowed the creation of an in-vitro
test with diagnostic applications within the previous decade.
In the interferon-gamma release assay, lymphocytes in the
blood are stimulated with an appropriate antigen, like
brucellin. A capture ELISA is employed to detect the

following gamma-interferon (IFN) production [15].
2.7. Public Health Importance of Brucellosis

The World Health Organization lists Brucellosis, often
referred to as Gibraltar fever, Malta fever, or Bang's sickness,
among other names, as a neglected zoonotic disease [85]. In
endemic countries, B. melitensis infects humans through
consumption of unpasteurized milk and by-products or
through direct contact with contaminated discharge materials,
aborted fetuses, and incisions within the skin, inhalation, or
mucous membranes, being the most common cause. Diseased
animals which might shed an outsized number of bacteria
after abortion [150].

Farmers, veterinarians, inseminators, and laboratory
personnel are in danger of developing Brucellosis because it's
an occupational disease. People are less likely to guard
themselves while handling fetal fluids and vaginal discharges
following abortion or full-term parturition. Furthermore, like
other diseases, poor individuals, particularly in rural areas,
are less likely to receive effective diagnosis and treatment,
and since brucellosis is zoonotic, it's a double burden in poor
homes, affecting both people and their animals [85].

Human brucellosis appears as an acute or sub-acute
sickness with intermittent or relapsing fever, ague, malaise,
sweating, muscle pain, anorexia, and prostration in the early
stages. The acute phase may progress to a chronic
incapacitating phase characterized by persistent localized
infection, like osteoarticular problems, or the more general
"chronic fatigue syndrome." Human brucellosis is often
misdiagnosed as drug-resistant malaria in tropical areas, and
it's under-detected and thus under-reported in most regions of
the globe [85, 13]. Despite the fact that human mortality is
kind of low, this crippling, chronic characteristic of the
disease is especially distressing in rural communities that
lack proper health care and where good physical condition
for work is required [151].
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Figure 2. Shows zoonotic Brucella spp. transmited from animal to humans.
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2.8. Treatment, Prevention and Control

2.8.1. Treatment of Brucellosis

Antibiotics that penetrate macrophages and are active in an
acidic environment are required for an efficient brucellosis
treatment to be implemented [152]. The treatment of
Brucellosis necessitates the administration of antibiotics in
large doses at regular intervals. Many studies have shown
that antibiotics must be used for a minimum of six weeks or
longer to avoid recurrence or resistance [153]. During the
first 2-3 weeks, researchers discovered that a double and
triple antibiotic regimen wusing aminoglycosides like
streptomycin or gentamicin was effective. Treatment of
animals isn't frequent in developing nations; rather, diseased
animals are culled and isolated, or slaughtered to stop
infection from spreading to the remainder of the herd and to
save lots of money on veterinary expenses. Thanks to the
high treatment failure rate, cost, and potential complications
related to retaining sick animals in the face of on-going
eradication attempts, treating infected animals isn't
recommended [154].

In China, antibiotic therapy (ceftriaxone, doxycycline,
rifapentine) was helpful in treating a difficult Brucella
infection case with subdural emphysema and intracerebral
abscess [155]. In line with this, multiple studies have
demonstrated that a six-week course of doxycycline and
rifampicin is sufficient to eradicate Brucella infection and its
consequences [156, 157]. Due to the scientific community's
ongoing attempts to make effective medicines,
Caryopterismongolica bunge (Lamiaceae) has been tried
together with doxycycline and rifampicin [97, 158, 159].
Despite the fact that there are various treatments in use to
keep the disease manageable, effective therapy is important
for total brucellosis treatment (Khan et al., 2018). In the
treatment of brucellosis, alternative antibiotics or
chemotherapeutics like fluoroquinolones or co-trimoxazole
with rifampicin, doxycycline-streptomycin, and doxycycline-
rifampicin are being employed [160].

2.8.2. Prevention and Control

In contrast to treatment, prevention is far easier, safer, and
less expensive. As a result, while managing infections,
especially zoonotic diseases like Brucellosis, prevention is
critica. When a veterinarian encounters or suspects
brucellosis, they ought to follow their national and/or local
disease reporting criteria. Infected animals are the most likely
source of B. melitensis in a herd. Contact with possibly
infected animals or contaminated materials, like those animals
that have recently been aborted, should be avoided in B.
melitensis-free herds. Replacement stock should come from
Brucella-free herds; newcomers should be isolated and tested
before being allowed into the herd. Some infected animals,
particularly those latently infected while they were young,
were undetectable by serology or culture. Only Brucella-
negative animals' sperm should be taken for insemination, and
it should be examined on a regular basis [15].

Contaminated bedding, aborted placenta, and any abortion

products should all be removed and destroyed as soon as
possible in an infected herd, and contaminating fomites
should be cleaned [15]. Fitting a chosen lambing or kidding
space makes it easier to wash and disinfect the area in
between deliveries. Through testing and slaughter, likewise
as depopulation, movement limits on infected herds,
surveillance and monitoring of infected animals, and
programs to eradicate this pathogen from a country. Dogs are
vulnerable to illness. Several countries compel shepherd dogs
to be destroyed or castrated after being treated with
antibiotics [15, 30]. Pasteurizing milk, eating processed meat,
frequent checkups and immunizations of animals, as well as
maintaining health safety when working with infected
animals and in laboratories, are all methods used to avoid
brucellosis infection [153].

2.9. Vaccination

There are currently no effective human vaccines available,
while various Brucella vaccines are available for livestock.
Vaccination is one of the most effective techniques for
preventing and controlling livestock brucellosis. B. melitensis
Rev-1, B. abortus strain RB51, B. abortus S-19, B. melitensis
strain M 111, B. suis S-2 are available in various parts of the
world. B. melitensis H. 38 and B. abortus 45/20 are dead
vaccines used commonly. Vaccination virtually eliminates
brucellosis clinical signs and symptoms while also reducing
environmental contamination and population exposure to the
infectious agent [53].

The REV 1 vaccine is an attenuated strain of B. melitensis
that will be used to prevent brucellosis in whole flocks or
herds in endemic countries [100]. This strategy, however,
proved difficult in many areas where the animals were
housed in large settings with nomadic or semi-nomadic
husbandry, and it didn't lessen the disease's frequency or
incidence. Herd immunity takes an extended time to work
out. Furthermore, mature animals who haven't been
vaccinated are defenseless, and thus the infection might
spread. Vaccination of all animals in an exceedingly flock
(young and adults) is an alternate method of brucellosis
control in small ruminants. Where there's an outsized
incidence of diseased animals, bulk immunization is usually
recommended [30]. Mass vaccination of a flock accelerates
the establishment of comparable immune stock and reduces
the quantity of abortions and excretions, lowering
environmental contamination and disease transmission [53].

For cattle Brucellosis control, the RB51 attenuated live
vaccine has lately acquired prominence. Despite extensive
investigation, no vaccine for the prevention of human
brucellosis has been authorized. The treatment of human
brucellosis requires the utilization of a mix of medicines.
Vaccination is sometimes advised for seroprevalence rates
of two to 10% in animals. This could be appropriate for
farms when combined with good hygienic practices, but in
large-scale livestock situations, vaccination is additionally
required to manage the disease [161]. Subunit vaccines, like
recombinant proteins, are potential vaccine candidates
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because they're less biohazardous, clearly defined,
avirulent, non-infectious, and nonviable than whole

vaccinations [162].

3. Conclusion

Brucellosis is a zoonotic infectious disease. It is
considered one of the neglected diseases that do not have
enough awareness like other infectious diseases. This review
is focused on Brucellosis since it is an endemic disease in the
land of patoral areas of Ethiopia. High prevalence rate
(17.36%) and low prevalence rate (0.7%) was reported in
Ethiopia [61, 10] respectively. It’s thought to be a typical
animal disease and causes economic losses to the livestock
industry. Brucellosis also affects fertility and is banned from
the international trade of live animals and animal products.
Goats and sheep are the principal hosts for B. melitensis and
B. ovis, respectively, with B. melitensis playing a major role
in human infection [14, 15].

People work with domestic animals, veterinarians, abattoir
employees, laboratory professionals, and inseminators are
among the people at high occupational risk. They’re
endangered by direct contact with infected animals or
exposure to a highly contaminated environment.
Additionally, people become infected by ingesting
unpasteurized milk and by-products [12, 15]. As a result,
suitable control techniques to limit brucellosis in infected and
reservoir animals are essential. In Ethiopia, epidemiological
surveillance of diseases, including isolation of causative
agents and characterization, may be a critical effort,
particularly in endemic lowland areas. Awareness creation
among those who work with animals, further knowledge of
brucellosis for those involved in milk production, handling of
abortive materials and disposal, and culling of infected
animals from herds. One health approach, between human
and veterinary medicine, aims at improving community
health.
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