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Brucella genus is a gram-negative coccobacillus that causes a zoonotic disease
called brucellosis in humans and animals. Brucellosis is transmissible, and there
are different types of transmission, such as animal-to-human (dairy and meat
consumption), human-to-human (placenta, breastfeeding, sexual intercourse,
blood transfusion, and bone marrow transplantation), and animal-to-animal
(aerosol-containing Brucella, placenta, and sexual intercourse). Due to having
virulence factors such as type IV secretion system (T4SS), superoxide dismutase
enzyme, BvrS/BvrR two-component system, LPS with O chain, and cyclic beta-
glucan, Brucella can survive and replicate intracellularly and cause disease. The
TA4SS helps Brucella survive intracellularly by sending effectors into the host
cell. Fever, excessive sweating, malaise, myalgia, arthralgia, loss of appetite,
weight loss, hepatosplenomegaly, spondylitis, and arthritis are the clinical
manifestations of brucellosis in humans. In animals, complications such as
abortion, weak calf birth, reduced fertility, endometritis, reduced milk
production, orchitis, epididymis, and hygroma may be observed. Animals with
brucellosis are not treated and are slaughtered. No vaccine against brucellosis
has been approved for humans yet. But for animals, S19, Rev.1, S2, RB51, and
SR82 vaccines are used for prevention. Development and approval of brucellosis
vaccines for humans, wider use of animal vaccines, and timely diagnosis of
suspected cases will help to better control brucellosis and prevent economic
consequences.
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1. Introduction

Brucellosis is a zoonotic disease caused by
Brucella species that is transmitted to humans
through contact with animals or their products
(1). The disease caused by Brucellae has
different names that correspond to the person
who described this genus (Sir David Bruce
[Brucellosis], Bernhard Bang [Bang disease]),
or is related to the clinical symptoms (undulant
fever) or the area where the outbreak occurred
(Malt fever, Mediterranean remittent fever,
rock fever of Gibraltar, county fever of
Constantinople, fever of Crete). Brucellosis is
the most common name (2).

Brucella genus are small, aerobic, non-motile,
gram-negative coccobacilli, which, in addition
to these characteristics, also have catalase,
oxidase, and urease activities (3). Also,
Brucellae are obligate parasites that survive
intracellularly in  humans and animals.
Molecular studies of Brucella have shown that
there is only one species of Brucella (B.
melitensis); however, 12 species have been
defined for this genus. Among these identified
species, four species—B. melitensis (infecting
goats), B. suis (infecting swine), B. abortus
(infecting cattle), and B. canis (infecting
dogs)—are commonly found in humans and
animals. The other species only infect animals
(2, 4).

The most common way to transmit brucellosis
to humans is by consuming unheated milk
(from animals such as cows, goats, sheep, and
camels) or its products (cheese, butter, cream,
and ice cream). Brucella can be concentrated in
soft cheese made by adding rennet to sheep's or
goat's milk, which is a common source of
infection in the Mediterranean and the Middle
East. Consumption of contaminated raw meat
also has the possibility of Brucella
transmission, which is the muscle with the
lowest concentration; the liver, spleen, kidney,
breast, and testicle can have the highest
concentration of Brucella. Occupational
exposure and contact with Brucella-infected

aerosols among slaughterhouse workers,
veterinarians, and laboratory technicians cause
brucellosis transmission (1, 5). Other ways of
brucellosis transmission are human-to-human
transmission through the placenta,
breastfeeding, sexual intercourse, blood
transfusion, and bone marrow transplantation,
which rarely occurs (6). In animals, brucellosis
is transmitted through ingestion of
contaminated food and water, inhalation of
Brucella-contaminated aerosols, sexual
intercourse, and the placenta (7).

It is estimated that more than 500,000 new
cases of human brucellosis are reported
annually in the world. In Afghanistan, in 2004,
there were 3.8 cases per million people with
brucellosis, which seems far from reality (8).
Areas whose economies are dependent on
livestock products experience substantial
economic losses due to the loss of livestock in
the event of a brucellosis outbreak (9). In
Mexico and Argentina, annual damage to
livestock farming due to brucellosis is
estimated at US$200 million and US$60
million, respectively (10-12). Mortality due to
brucellosis is rare, but the illness and the long
convalescence that follow are costly in terms of
economics and time. Therefore, in the first step,
rapid diagnosis, and in the next step, the
treatment of brucellosis using antibiotics,
reduce the mentioned costs (1, 10).

1. 2. Pathogenicity

In humans, Brucella enters the host through
ingestion, inhalation, the mucous membrane, or
damaged skin. The bacteria multiply in the
lymph nodes and then enter other organs.
Enlargement of lymph nodes, liver, and spleen
is the result of brucellosis. Once the Brucella
bacterium passes through the epithelial wall, it
is engulfed by phagocytes. In addition to
phagocytizing cells, bacteria can also survive
and multiply in non-phagocytic cells. However,
macrophages and dendritic cells are the main
target cells of Brucella. When Brucella is inside
the macrophage, it inhibits the macrophage's
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responses, which results in the survival and
multiplication of Brucella inside the cell. (13).
In the following, the factors affecting the
pathogenicity of Brucella are described.

Urease: The acidic pH of the stomach is
effective in preventing colonization of Brucella
in the intestine as well as invasion. Factors such
as proton pump inhibitors and antacid drugs
reduce stomach acidity and prepare the
conditions for Brucella colonization. Urease is
an enzyme that produces ammonia and carbon
dioxide by hydrolyzing urea. Through its
urease, Brucella can tolerate the acidic
conditions of the stomach and pass through this
place (14).

Brucella-containing vacuole (BCV) and type
IV secretion system (T4SS): When Brucella
enters the endosome of the host cell, it receives
several markers such as Rab5, Rab7, and EEA,
which lead to the formation of a Brucella-
containing vacuole (BCV). Then, BCV fuses
with the lysosome and forms a phagolysosome
by receiving the LAMP marker. In this
situation, 90% of Brucella are Kkilled by
enzymes. The remaining 10% probably survive
due to acidification of BCV and stimulation of
the operon (virB) encoding the type IV
secretion system (T4SS).

BvrS/BvrR system: When the phagolysosome
becomes  acidic, the  two-component
BvrS/BvrR system of Brucella is activated. The
BvrS/BvrR system consists of two parts: one
part is the transmembrane histidine kinase
sensor called BvrS, and the other part is the
response regulator that is placed in the bacterial
cytosol. The histidine Kkinase sensor is
autophosphorylated at histidine residues during
environmental changes (including
acidification). Then the phosphate is transferred
to the response regulator, which subsequently
changes gene expression and creates suitable
conditions for intracellular life. The BvrS/BvrR
system plays a role in controlling the structure
of LPS and controlling the expression of outer
membrane proteins such as Omp22 and
Omp25. In addition, this system controls the
synthesis of the type IV secretion system
(T4SS) through the virB operon. The T4SS

helps Brucella survive intracellularly by
sending effectors into the host cell. (15, 16).
Next, BCV fuses with the endoplasmic
reticulum, and Brucella survives and starts
replicating. The same actions are then carried
out inside the autophagy-like vacuole, and
Brucella then leaves the cell to infect other cells
7).

Lipopolysaccharide (LPS): Brucella is divided
into two groups, smooth and rough, according
to the shape of the colony (18). Brucella smooth
strain has lipopolysaccharide (LPS) with a
structure consisting of the polysaccharide O
chain, core, and lipid A, while the rough strain
does not have the O chain. Except for B. ovis
and B. canis, rough strains are less virulent than
smooth strains due to the lack of the O chain
(19). The lack of the O chain causes the vesicle
containing Brucella to be transported to the
lysosome, which Kkills the bacteria (18).
Although the smooth species is more successful
in surviving inside the host cell, the rough
species is more effective in infecting
monocytes (20).

Brucella LPS interferes with antimicrobial
innate immune responses through the inhibition
of complement and antibacterial peptide
function, as well as inhibiting the synthesis of
immune mediators (21). In addition, smooth
strains of Brucella that have O chains prevent
apoptosis in host cells (such as macrophages),
which allows the bacteria to survive and
continue replicating in sufficient numbers to
cause an immune response and disease (22).

Superoxide dismutase (SOD) enzyme: The
production of reactive oxygen species (ROS) in
macrophages is the primary defense mechanism
against the intracellular replication of Brucella.
To neutralize this mechanism, Brucella has the
superoxide dismutase (SOD) enzyme with zinc
and copper cofactors, which is encoded by the
sodC gene. Brucella converts superoxide (02)
into hydrogen peroxide (H202) using
superoxide dismutase, and then catalase and
peroxidase complete the detoxification
mechanism of this bacterium (23). Cyclic B-
1,2-glucans (CPG): A member of the
osmoregulated periplasmic glucans (OPGs)
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family is cyclic B-1,2-glucans (CBG), which is
produced in bacteria such as Brucella. The CBG
backbone consists of 17 to 25 glucose residues.
The function of CBG is different from the rest
of the OPG family, as it interacts with the
phagosome membrane after its secretion by
Brucella. The CPG of Brucella, through
interaction with the lipid raft of the host cell
(macrophage and epithelial cell), causing
interference in the path of phagosome
maturation and preventing the fusion of the
phagosome with the lysosome, causes survival
and replication of bacteria inside the host cell
(24).

In animals, the incubation period for brucellosis
can range from two weeks to months. The most
important complication of brucellosis in
animals is related to the reproductive system. In
a female animal with brucellosis, complications
such as abortion (30-80%), weak calf birth,
reduced fertility, fetal membrane retention,
endometritis, and reduced milk production may
occur. Orchitis, epididymitis, and hygroma
have also been reported in male animals with
brucellosis (25).

1.3. Diagnostic methods

Culture-based diagnosis is the gold standard
and definitive diagnosis. Samples such as
blood, bone marrow, CSF, joint fluid, urine,
and other tissues are cultured. Other diagnostic
methods are indirect, including the Rose Bengal
test (RBT), tube standard agglutination test
(SAT), 2-mercaptoethanol test, Coombs test,
and ELISA. RBT and SAT are based on the
detection of agglutination (an antibody reaction
of the patient's serum with Brucella S-LPS
antigen related to the kit), which is performed
on the slide and inside the tube, respectively.
RBT is a screening test; therefore, if the RBT is
positive, it is necessary to perform the SAT for
confirmation (29).

1.4. Treatment

If the person with brucellosis is not pregnant, is
more than 8 years old, and does not have
complications such as endocarditis, spondylitis,
or neurological complications, one of the

following treatments should be prescribed for
them: 1) Doxycycline 200 mg/day orally for 6
weeks + Streptomycin 1 g/day IM or 1V for the
first 2-3 weeks; 2) Doxycycline 200 mg/day
orally for 6 weeks + Gentamicin 3-5 mg/kg/day
IM or 1V for 1-2 weeks; 3) Doxycycline 200
mg/day orally for 6 weeks + Rifampin 600-900
mg/day orally for 6 weeks.

To treat brucella endocarditis, a combination of
three or four drugs, including aminoglycoside
(1  month), doxycycline, rifampin, and
sometimes TMP-SMX (3-15 months for three
drugs), is used. Both rifampin and TMP-SMX
are used to treat children under 8 years old, and
one or both drugs are used for pregnant women
for 6 weeks. It should be noted that TMP-SMX
should only be prescribed between the 13th and
36th weeks of pregnancy because its use before
this time causes teratogenicity, and after that, it
causes kernicterus (30). If brucellosis is
detected in animals, the animal is slaughtered
under safety conditions to prevent transmission
to the herd (1).

1.5. Vaccines

So far, no vaccine against brucellosis has been
approved for human use. Instead, B. abortus
vaccine strain S19 (S19), B. melitensis Rev.1
vaccine (Rev.1), B. suis vaccine strain S2 (S2),
B. abortus RB51 vaccine (RB51), and B.
abortus SR82 vaccine (SR82) vaccines are used
for animals to prevent human brucellosis.
Despite the possibility of complications such as
abortion in pregnant animals, these vaccines
play a major role in preventing brucellosis
worldwide. The live attenuated vaccines S19,
Rev.1, and S2 are related to smooth strains.
Also, RB51 and SR82 are attenuated vaccines
obtained from the B. abortus strains (rough).
The first brucellosis vaccine used is S19, which
is widely used for cattle vaccination in many
countries. This vaccine consists of the whole
organism of B. abortus strain 19, with no
adjuvant added. Providing high immunity in
cattle and interference with serological tests are
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advantages and disadvantages of the S19
vaccine, respectively (31).

Rev.1 vaccine is a live attenuated vaccine of
streptomycin-resistant strain B melitensis,
which is used for female animals aged 2 to 6
months.  This  vaccine, while  being
immunogenic, has the potential to infect
humans by consuming the product of the
vaccinated animal. (32) S2, RB51, and SR82
vaccines are composed of the whole organism
and do not contain adjuvants. S2 vaccine is used
orally for swine, sheep, goats, and cows in
China and SR82 in Russia and its neighboring
countries. Since RB51 is less pathogenic for
humans than S19, this vaccine is used in many
countries (31).

2. Conclusion

Brucella is a zoonosis because it causes disease
in both humans and animals. Cattle with
brucellosis are usually slaughtered after
diagnosis, and their products, including dairy
and meat, cannot be used. Considering this
issue and the characteristic of brucellosis being
contagious in herds, brucella should be
considered an economically damaging agent.
Due to the intracellular survival and replication
of Brucella, brucellosis may become chronic or
the treatment may fail and relapse, resulting in
economic  consequences. Therefore, the
development and approval of human
brucellosis vaccines, the wider use of animal
vaccines, and the diagnosis of suspected cases
of the disease as quickly as possible, especially
in endemic areas, seem essential.
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