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Abstract

One zoonotic infectious animal disease is brucellosis. The bacteria that cause brucellosis belong to the genus Brucella.
Numerous animal and human species are affected by brucellosis, with an estimated 500,000 human cases recorded annually
worldwide. The occurrence of new areas of infection and the resurgence of infection in already infected areas indicate
how dynamically brucellosis is distributed throughout different geographic regions. Bacteria originate from the blood
and are found in the reticuloendothelial system, the liver, the spleen, and numerous other locations, including the joints,
kidneys, heart, and genital tract. Diagnosis of this disease can be done by bacterial isolation, molecular tests, modified
acid-fast stain, rose bengal test (RBT), milk ring test, complement fixation test, enzyme-linked immunosorbent assay, and
serum agglutination test. The primary sign of a Brucella abortus infection is infertility, which can result in abortion and
the birth of a frail fetus that may go on to infect other animals. In humans, the main symptoms are acute febrile illness,
with or without localization signs, and chronic infection. Female cattle have a greater risk of contracting Brucella disease.
Human populations at high risk of contracting brucellosis include those who care for cattle, veterinarians, slaughterhouse
employees, and butchers. Antibiotic treatment of brucellosis is often unsuccessful due to the intracellular survival of
Brucella and its adaptability in macrophages. A “one health” strategy is necessary to control illnesses like brucellosis.
Keywords: Brucellosis, Zoonosis, Illness, Brucella abortus, Public health.

Introduction

One zoonotic infectious animal disease is brucellosis.
This illness affects financial losses significantly and
is global in scope (Moriyon et al., 2023). Numerous
animal and human species are affected by the disease,
with an estimated 500,000 human cases recorded
annually worldwide (Zhou et al., 2020). Most
developing nations have an endemic form of this illness,
which has a devastating financial impact on the cattle

sector, particularly on small-scale farmers (Lokamar
et al., 2020). The World Health Organization (WHO)
has designated this disease as one of the world’s most
important “neglected zoonotic diseases” due to the
impact it exerts, especially on low-income nations
(Franc et al., 2018).

Brucellosis is thought to have existed for a very long
time; new evidence from Egyptian skeletons indicates
that the disease has been around since at least 750 BC
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(Bamaiyi, 2016). Brucellosis is also known by other
names such as Malta fever, Gibraltar fever, Bang
disease, Crimean fever, Mediterranean fever, infectious
abortion, undulant fever, stone fever, and intermittent
fever (Brangsch et al., 2023). The Gram-negative
coccobacilli of the genus Brucella, which infects
practically all pets, cattle, and human species, are the
cause of this bacterial infection (Khan and Zahoor,
2018). A number of species of Brucella, including
Brucellamelitensis, Brucella ovis, Brucella pinnipediae,
Brucella suis, Brucella neotomae, Brucella cetaceae,
Brucella abortus, and Brucella canis, are responsible
for this illness (Pfefer et al., 2018).

In essence, brucellosis is a sexually transmitted illness
that primarily affects the female and male reproductive
systems, particularly the uterus during pregnancy (Li
et al., 2020). Most Brucella species are stimulated
to grow by the allantoic factor. These factors include
erythritol, possibly steroid hormones, and other
substances (Khurana ez al., 2021). In the animal
agriculture industry, brucellosis results in significant
financial losses as well as issues with public health
(Tulu, 2022). This causes economic losses due to
reproductive failure through infertility, failure to birth
calves, reduced meat and milk production, as well as
culling and banning international trade (Singh et al.,
2015). Clinical manifestations of brucellosis include
orchitis and epididymitis in bulls, and abortion and
retained fetal membranes in cows (Megid et al., 2010).
Public health is significantly impacted by brucellosis
in people, despite the fact that many nations have
had success with initiatives to eradicate and control
animals (Lai et al., 2021). In people, this illness
usually manifests as a fever with a variety of clinical
signs and symptoms and an unclear origin (Shi et al.,
2021). Patients frequently experience severe localized
side effects such neurobrucellosis, endocarditis, or
spondylitis (Zhang et al., 2021). Because direct or
indirect contact with infected animals or products is
the primary cause of brucellosis in people, the focus of
prevention should be on removing said contact. A clear
route to eliminating animal-borne illness is sometimes
out of reach for the financial and human resources of
many poor nations (Godfroid, 2017).

There are 10 times more unreported cases of clinically
manifested brucellosis (Sun ef al., 2021). Thus, this is
one of the most important issues in public health. All
age groups and genders are susceptible to brucellosis,
and controlling the disease in humans depends on
reducing animal infection through immunization and
treatment initiatives (Yuan et al., 2020). The one health
approach promotes local, national, and international
multidisciplinary efforts to achieve optimal levels of
health and collaboration between various scientific
disciplines to overcome complex health problems
(Ghanbari et al., 2020). It is based on the integration of
human and animal health, plants, and ecosystems. Thus,

it is critical to comprehend the risks that brucellosis
poses to both human and animal health.

This review explains the disease brucellosis with a
special focus on the etiology, history, epidemiology,
pathogenesis,  diagnosis,  clinical  symptoms,
transmission, risk factors, public health importance,
treatment, control, and biotherosis of brucellosis.
Etiology

The bacteria that cause brucellosis belong to the
genus Brucella. Brucella bacteria are Gram-negative
coccobacilli or short rods measuring 0.6 to 1.5 pm
long, and 0.5 to 0.7 um wide, do not have flagella,
non-motile, do not have a capsule, do not form
spores, and are aerobic (Yazdani et al., 2012). This
bacterium is an intracellular facultative organism that
assaults, proliferates, and survives in dendritic cells,
macrophages, placental trophoblasts, and epithelial
cells (Lopez-Santiago et al., 2019). Eight species of
Brucella have been described to date, as shown in
Table 1. The eight classic species are B. melitensis,
B. abortus, B. canis, B. suis, B. neotomae, B. ovis, B.
pinnipediae, and B. cetaceae (Pfefer et al., 2018). Out
of all these bacterial species, biovars include B. suis,
B. abortus, and B. melitensis (Brangsch et al., 2023).
The primary cause of brucellosis in goats and sheep is
B. melitensis, which is also extremely pathogenic for
humans and one of the most dangerous zoonoses in the
world (Rossetti et al., 2022).

From a socio-economic perspective, the most significant
species of Brucella are those that most commonly
infect animals, including B. suis, B. melitensis, B. ovis,
and B. abortus (Khurana et al., 2021). Three species
of Brucella, including B. melitensis, B. abortus, and B.
suis, are the primary causes of brucellosis in humans
in addition to decreasing animal productivity (Hull
and Schumaker, 2018). Apart from B. ovis, Brucella
produces urease, oxidase, catalase, nitrate reductase,
and non-hemolytic urease; it is negative for indole,
methyl red, and Voges-Profskauer examinations
(Ilhan et al., 2008). Except for B. ovis, the majority
of Brucella species use glucose as a source of energy
(Occhialini et al., 2022). Due to its aerosolized mode of
transmission and lack of human vaccination, Brucella
species are considered potential bioterrorism agents.
History

An English army surgeon, George Cleghorn,
documented the details of the disease in 1751 in
his literature under the title “observations on the
epidemical diseases in minorca from the year 1744 to
1749” (Khurana et al., 2021). Since the Crimean War
on the island of Malta, the illness has been recognized
as a distinct clinical entity (Wyatt, 2013). In 1886, Sir
Themistocles Zammit, Hughes, and Sir David Bruce
provided a detailed description of the illness (Wyatt,
2014). Bernhard Bang made the initial discovery of
B. abortus, a bacterium that causes abortion in cows
and high fever in humans (Senbeto, 2022). Traum and
Huddleson discovered B. suis in pigs, which has also
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Table 1. Brucellosis species and their host.

Brucellosis species Host References

B. melitensis Sheep, goat, and camel Almuzaini (2023)

B. abortus Buffalo, cows, and camel Sprague et al. (2012)

B. canis Dog Cosford (2018)

B. suis Pig Vicente et al. (2022)

B. neotomae Rodent Suarez-Esquivel et al. (2017)
B. ovis Sheep Branscom et al., (2019)

B. pinnipediae Marine animals

B. cetaceae Marine animals

Nymo et al. (2011)
Ohishi et al. (2020)

been linked to human brucellosis cases (Olsen and
Tatum, 2016).

Evans disclosed that the Micrococcus melitensis, also
known as B. melitensis, that was isolated from pigs
and calves is of the same genus as Brucella, which was
identified by Sir David Bruce (Smith and Notes, 2023).
Stoenner and Lackman isolated B. neotomae from mice
(Waldrop and Sriranganathan, 2019). Carmicheal and
Bruner isolated B. canis from canines (Suarez-Esquivel
et al., 2021). In the past ten years, B. cefaceae, a
relatively novel species of Brucella, has been identified
from marine mammals and has the potential to become
a zoonotic hazard (Guzman-Verri et al., 2012). Recent
discoveries of various Brucella strains in humans and
marine mammals highlight the significance of zoonotic
transmission.

Epidemiology

The occurrence of new areas of infection and the
resurgence of infection in already infected areas
indicate how dynamically Brucellosis is distributed
throughout different geographic regions (Lounes et al.,
2021). Human brucellosis is becoming more common
in Central Asian and Middle Eastern nations, while new
locations have shown this trend (Nejad et al., 2020).
This illness is widespread worldwide, with the exception
of the United Kingdom, the Netherlands, Norway,
Australia, Cyprus, Canada, Denmark, Sweden, and
Finland (Jamil et al., 2022). Nonetheless, brucellosis
is highly prevalent in Mediterranean Europe, Central
America, Italy, Near Eastern nations, Mexico, South
America, Central Asia, Africa, and India (Janowicz
et al., 2020). Numerous countries have recorded cases
of brucellosis; nevertheless, there is a clear issue with
underreporting.

The status of brucellosis in animals led the World
Organization for Animal Health (OIE) to divide 156
nations into three groups in a report that examined
data over 26 years (1996-2023) (Warioba et al., 2023).
The three categories are as follows: brucellosis-free:
nations that did not have brucellosis during the 26-
year study period; non-enzootic for brucellosis: nations
that did not have brucellosis during the study period,
but may still have the disease; and countries infected

with or free from brucellosis for a period of less than
three years (Franc et al., 2018). Countries with disease-
free status are located in Europe and Oceania, while
countries with high or enzootic prevalence are in
Central and South America, Africa, and parts of Asia
(Cardenas et al., 2019).

Brucellosis is endemic in the Middle East, West Asia,
Southern Europe, India, and South America (Bahmani
and Bahmani, 2022). According to research conducted
in Iran, biovar B. abortus 3 was the most frequently
discovered biovar (Alamian et al., 2020). Low
brucellosis incidence reported in endemic areas could be
the result of inadequate surveillance or underreporting.
B. abortus biovar 1 is the primary cause of brucellosis
in buffalo in certain regions of South America, Egypt,
Italy, Africa, Pakistan, and Brazil (Khurana et al.,
2021). In Italy, B. abortus affects buffalo and cattle,
particularly in the southern regions (Borriello et al.,
2013). Brucellosis is a common issue in Egypt (Holt
etal.,2011).

A growing number of countries in Saudi Arabia,
Kuwait, Israel, and other Southern European nations
are reporting cases of B. melitensis infection in cattle,
which poses a serious concern (Refai, 2002). Even
though brucellosis is a disease that must be reported
to local health authorities and is a nationally notifiable
condition in the majority of nations, there are still
very few cases of the illness, and official statistics
only account for a small portion of the disease’s true
incidence. Human brucellosis has resurfaced, especially
in Central Asia, and the situation is getting worse in
some Middle Eastern nations (Elbehiry ef al., 2023).
Pathogenesis

Brucella enters the bloodstream through lymph nodes
after phagocytosis, when it causes bacteremia, a
disease that is accompanied by an acute febrile phase
(Yagupsky et al., 2019). Bacteria originate from
the blood and are found in the reticuloendothelial
system, the liver, the spleen, and numerous other
locations, including the joints, kidneys, heart, and
genital tract (Giambartolomei and Delpino, 2019). In
humans, generalized symptoms such fever, arthralgia,
malaise, headache, and sweating start to occur after
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the incubation period (one to four weeks) (Deng et al.,
2019). Mice are frequently employed as animal models
in research on the pathophysiology of brucellosis in
humans and other animals (Silva et al., 2011).

The bacterial ABC transporter system is linked to the
intake of nutrients, the export of toxins and antibiotics,
and it may be crucial for the expression of certain genes
(Akhtar and Turner, 2022). During host infection, ABC
transporter proteins may play a pathogenic function
in Brucella (Jenner et al., 2009). Hemagglutinin is
the protein that causes adhesion and has the ability to
identify the type of bacteria that adheres to a host during
infection (Bialer et al., 2020). There is no significant
function for hemoglobulin in the pathophysiology
of B. melitensis (Meena et al., 2018). Pathogenicity
in human brucellosis is caused by factors such as
guanine monophosphate, LPS, virB, adenine, urease
enzyme, and 24 kDa protein (Ko and Splitter, 2003).
The organism known as Brucella is devoid of classical
virulence factors such exotoxins, pili, endotoxins,
flagella, and plasmids (Glowacka et al., 2018).

The capacity of Brucella to prevent lysosomes from
fusing with phagosomes, which leads to degranulation
and the activation of the myelo-peroxidase-halide
system, as well as to prevent tumor necrosis factors
and cell death in host cells, is linked to its ability to
survive and multiply within host cells after evading
the host’s defense mechanisms (Jiao er al., 2021).
Malignant Brucella species can infect and live in both
phagocytic and non-phagocytic phagocytes, such as
macrophages (Huy et al., 2022). Brucella can multiply
in compartments that are membrane-bound (Celli,
2019). The bactericidal actions of natural killer cells
and macrophages are disrupted when bacteria inhibit
TNF-a (Ahmed et al., 2016).

The surface antigen for smooth lipopolysaccharide
(sLPS) comes in two varieties: A and M (Bundle and
McGiven, 2017). In B. abortus and B. suis, antigen A
predominates, whereas M is the primary antigen in B.
melitensis (Dadar et al., 2021). Numerous periplasmic,
cytoplasmic, and outer membrane proteins have also
been identified. sLPS from B. abortus is 100 times
less potent than E. coli and Salmonella at causing
macrophages to release TNFo, activate oxidative
metabolism, and release lysozyme from neutrophils
(Siadat et al., 2015). This sLPS characteristic helps
B. abortus survive in phagocytic cells. Furthermore,
polycationic molecules have no effect on Brucella
sLPS, suggesting that Brucella is resistant to cationic
bactericidal peptides produced by phagocytes
(Barquero-Calvo et al., 2007). Additionally, sLPS
inhibits Brucella’s ability to proliferate cells and does
not trigger the complement cascade’s alternate pathway
(Verma et al., 2018).

Diagnosis

Bacterial isolation

The gold standard test for identifying Brucella
species is isolation and cultivation of the bacterium,

notwithstanding the availability of other diagnostic
techniques. All strains of Brucella develop somewhat
slowly since specimens used for isolation are
frequently contaminated; consequently, it is advised
to utilize selective media, like Farrell’s medium (Tulu,
2022). Incubation usually lasts 72 hours, but a negative
diagnosis can only be stated after a week of incubation.
Specimens that can be used for Brucella isolation
include fetal gastric fluid, liver, placenta, spleen, milk
(especially colostrum or milk within a week after
birth), semen, lochia, supramammary (chronic and
latent infections), and retropharyngeal (early infection).
Lymph nodes, prescapular, iliac, and parotid lymph
nodes can also be used (Mazlan et al., 2021).

The colonies of the Brucella species have a glossy
appearance, undamaged boundaries, raised, convex,
transparent, and smooth surfaces (Mancilla et al.,
2010). Bacterial colonies have a honey-like color
under transmitted light. The optimal temperature for
cultivating these bacteria is 37°C, with a temperature
range of 20°C to 40°C, with an optimal pH ranging
from 6.6 to 7.4 (Al-Afifi et al., 2022). Some species of
Brucella need carbondioxide to grow. A culture can be
deemed negative if no colonies form after two to three
weeks of incubation, but typical colonies should appear
after two to thirty days (Lobo et al., 2019).

Molecular tests

The in vitro nucleic acid amplification method known
as polymerase chain reaction (PCR) is frequently
employed in the diagnosis of infectious diseases
(Fakruddin et al., 2013). PCR is currently one of the
most widely used tests for brucellosis diagnosis in
both humans and animals. The most popular molecular
method for diagnosing brucellosis is the PCR approach,
which amplifies particular genome sequences from
the genus, species, or biotype of Brucella species (Yu
and Nielsen, 2013). Real-time PCR is faster and more
sensitive than conventional PCR, because it does not
require post-amplification PCR product handling,
thereby reducing the risk of laboratory contamination
and false positive results (Staggemeier et al., 2015).
Brucella testing has recently become very popular
using real-time PCR techniques.

Modified acid-fast stain

This disease can be confirmed by finding bacteria in
the smear. Utilizing modified Ziehl-Neelsen staining,
smears are made from the placenta, colostrum, fetal
stomach fluid, or lochia of post-abortive bovines as
well as the abomasum of aborted fetuses (Chen ef al.,
2012). Placental cotyledons, e.g., can be used to create
impression smears by forcefully pressing the slide’s
surface on the tissue. Let it air dry before heating.
Bacteria appear as red intracellular coccobacilli in
smears stained with modified Ziehl-Neelsen, while the
majority of other bacteria are blue (Mohan and Saxena,
2020).
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RBT

Since most brucellosis control and eradication
initiatives depend on these techniques, serological
testing is necessary for the laboratory diagnosis of
brucellosis. These tests can be broadly categorized
into two categories: confirmatory testing and screening
tests (Yen-Lieberman et al., 2011). Despite the fact
that brucellosis has been detected in the laboratory
using a number of serological tests, sensitivity, and
specificity concerns prevent the use of a single test in all
epidemiological studies. The Rose Bengal plate test, the
enzyme-linked immunosorbent assay (ELISA), and the
serum agglutination test (SAT) are the three serologic
tests most frequently used to diagnose brucellosis (Diaz
et al., 2011). The most used brucellosis screening test
for both humans and animals is the RBT, which is
simple to use and understand (Cho et al., 2010).

Milk ring test (MRT)

RBT has some drawbacks, including as low specificity
in endemic areas, low sensitivity, particularly in chronic
patients, and prozones that cause highly positive sera
to look negative on RBT (Diaz et al., 2011). Another
great screening test for dairy cattle is the MRT. MRT
is a straightforward and efficient serological technique,
although it is limited to usage with cow’s milk (Islam
et al., 2023). In a glass or plastic tube, a drop of the
antigen stained with hematoxylin and a little amount
of milk are combined. MRT is extremely imprecise at
the individual animal level and pertains to the entire
herd, giving a general indication of infection status.
Nevertheless, there are a number of drawbacks to this
approach, including its reduced dependability in big
groups and its incapacity to be applied to male animals
(Novoa et al., 2022).

Complement fixation test (CFT)

One common confirmatory test for brucellosis is the
CFT. CFT is the reference test that the Organization
for Animal Health (OIE) recommends for international
animal trafficking (Wilujeng et al., 2020). It is utilized
as a confirmatory test for B. abortus, B. ovis, and B.
melitensis infections due to its high accuracy. In the
majority of the cases, CFT is performed on sera that test
positive for RBT; nevertheless, much like RBT, CFT is
considerably impacted by the improper use of vaccine
strain 19, particularly in situations when sexually
mature cattle and heifers have had new or repeated
immunizations (Chisi et al., 2017).

Setting stringent thresholds for infection is nearly
challenging, particularly when S19 vaccine reactions
are involved because of its abuse. The low number of
positive reactions, the occasionally negative results
in the early stages of illness, and the test’s high cost
and complexity are some of the issues with CFT
(Kartini et al., 2017). Additional issues include the
test’s incapacity to be utilized with serum samples
that have hemolyzed and the subjectivity of the
interpretation of the direct complement activation by
serum (anticomplementary activity) (Legesse et al.,

2023). Additionally, animals infected with species
antigenically similar to Brucella may produce false
positive results.

ELISA

As a common diagnostic procedure for brucellosis, the
ELISA has gained popularity. This is a great way to
identify acute from chronic disease phases and screen
huge populations for Brucella antibodies. All four kinds
of antibodies can be identified with remarkable ease
using the ELISA approach (IgG1, I1gG2, IgA, and IgM)
(Faustini et al., 2021). Although ELISA is a highly
effective control test in regions free of brucellosis
and for survey testing in areas where vaccination has
not been administered, this method is complex and
cannot be used anywhere, particularly in arecas where
vaccination has been administered but is still lacking in
standardization (Vatankhah et al., 2019).

SAT

One of the common serological tests used to diagnose
brucellosis is the SAT. This technique is simple to use
and does not call for specialized knowledge or costly
equipment. Total IgM and IgG agglutination antibody
levels are measured by SAT (Pabuccuoglu ef al., 2011).
The basis for this test is the way that antibodies react
with Brucella lipopolysaccharide. The serum sample
can be diluted from 1:2 to 1:64 to counteract excess
antibodies that cause false negative results because
of the prozone effect, which will increase the test’s
specificity (Mohseni et al., 2017). The failure to
diagnose B. canis infection and the development of
cross-reactions between IgM immunoglobulins and
Francisella tularensis, Escherichia coli O116, E. coli
0157, Salmonella urbana, and Yersinia enterocolitica
0:9 are drawbacks of the SAT (Perletta et al., 2023).
Modifications such as the inclusion of EDTA,
2-mercaptoethanol, or antihuman globulin can help to
overcome some of these inadequacies.

Clinical symptoms

Clinical symptoms in animals

Animals infected with Brucella may exhibit a variety of
symptoms. The primary sign of a B. abortus infection
is infertility, which can result in abortion and the birth
of a frail fetus that may go on to infect other animals
(Yanti et al., 2021). The reproductive system is the
primary site of connection for the clinical indications,
symptoms, and diverse consequences of brucellosis in
numerous animal species (Jiang et al., 2019). There is a
range in the incubation period from two weeks to several
months. Calves can be infected in the early stages but
no symptoms become visible until adulthood. The
following are signs of this: endometritis, weak calves
born into the world, decreased milk production, fetal
membrane retention, decreased fertility, and abortion in
pregnant animals (Sima et al., 2021).

In underprivileged communities, abortion rates might
range from 30% to 80% (Getahun et al., 2023). The
newborn calfcan pass away shortly after birth. Interstitial
pneumonia and fibrinous pleurisy can also occur in
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aborted fetuses and neonatal calves (Neta ef al., 2010).
Male animals exhibit clinical signs of epididymitis and
orchitis, and persistent infections result in hygroma
(Tulu, 2022). Additionally, brucellosis has been linked
to cervical bursitis in cattle (Filho et al.,2019). The acute
inflammatory phase of seminal vesicles is succeeded
by a chronic stage characterized by significant fibrinoid
induration (Junior et al., 2012). The testicle frequently
shrinks to its normal size as a result of the fibrin tissue
that finally covers the areas of dry necrosis (Nistal and
Paniagua, 2008). Males typically exhibit orchitis and
epididymitis, and chronic infections frequently result in
hygromas (Hull and Schumaker, 2018).

In bulls, the primary symptoms are epididymitis and
orchitis, but in highly sensitive, unvaccinated pregnant
cows, abortion happens after five months of gestation
(Tulu, 2022). 1t is typically connected to B. abortus in
equines, which causes both abortion and chronic bursal
enlargement of the neck (Hussain et al., 2020). The
acute signs of pig brucellosis include arthritis, orchitis,
infertility, epididymitis, abortion, and the birth of feeble
piglets (Hull and Schumaker, 2018). Clinical signs seen
in other animal species are also present in sheep and
goats (Almuzaini, 2023).

Goats typically have abortions in the third or fourth
month of pregnancy (Bosilkovski ef al., 2020). Among
dogs and cats, abortions, stillbirths, poor puppies, and
infertility in both sexes are frequent occurrences (Santos
et al., 2021). Clinical symptoms of infected livestock
have a significant financial impact on both large and
small farms and industries. In most host species,
abortion or premature birth is a common but vague
symptom of brucellosis (Bosilkovski ef al., 2020). The
majority of infected animals will miscarry just once,
and others will not be affected; the disturbance to
fertility is often transient (Khan and Zahoor, 2018).

In sexually mature animals, the infection is restricted
to the reproductive system and typically results in
placentitis, which is followed by abortion in females
who are pregnant, usually during the final third of the
gestation period (Gonzalez-Espinoza et al., 2021).
Additional symptoms may include splenic abscess,
arthritis in cattle and pigs, tiny intestine adhesions
on post-mortem inspection in pigs, orchitis and
epididymitis in sheep infected with B. melitensis and
B. ovis (Godfroid et al., 2010). Brucellosis has an
impact on cases of mastitis in goats and oozing skin
lesions in horses (Mazlan ef al., 2021). Furthermore, it
might result in a considerable decrease in milk supply
throughout the duration of the animal’s life; infected
udders are frequently permanent, particularly in cows
and goats, and the organism is continuously shed into
the milk (Dadar et al., 2021).

In camels, clinical symptoms of brucellosis seem
to be extremely uncommon (Sprague et al., 2012).
Furthermore, the diagnosis of Brucella is based on
proof of the bacterium’s existence, which can be
obtained in a number of ways, including the isolation of

the bacterium, the identification of its antigen or genetic
material, the demonstration of particular antibodies, or
a reaction mediated by cells in the immune system.

Clinical symptoms in humans

In humans, the main symptoms are acute febrile
illness, with or without localization signs, and chronic
infection (Saddique et al., 2019). A variety of non-
specific clinical signs may be observed including
malaise, headache, sweating, fatigue, depression,
anorexia, stomach, or back pain (Hartady et al., 2014).
A variable fever pattern is observed in chronic illnesses,
and brucellosis fever can mimic enteric fever (Neupane
et al., 2021). This condition may be absent in patients
with end-stage renal disease who contract brucellosis
(Turung et al., 2008). The characteristics of the clinical
and laboratory vary greatly. The well-documented case
of endocarditis includes reports of isolated Brucella
infections in prosthetic devices including pacemakers
and implanted defibrillators as well as valves (Zhang
et al., 2021). There have been isolated reports of
pericarditis, myocarditis, aortitis, and venous or arterial
thrombosis (Herrick et al., 2014).

10% to 20% of patients experience mild
lymphadenopathy, and 20% to 30% have splenomegaly
or hepatomegaly (Kawano-Dourado et al., 2015).
Imaging detects hepatosplenic abscesses in 1.2% of
cases, and there have been isolated reports of splenic
rupture (Heller et al., 2015). Infections of the bones and
joints are frequent; they include high rates of bursitis,
granulomatous myositis, spinal osteomyelitis resulting
from acute infection or sternotomy, and abscesses
in soft tissue or muscle (Esmaeilnejad-Ganji and
Esmaeilnejad-Ganji, 2019). The majority of Brucella
monoarthritis cases are reactive as opposed to septic
(Ceritetal.,2012). Soft tissue infections and 24 cases of
infections in natural or prosthetic joints were reported
in 2016 (Walsh er al., 2019). Subclinical sacroiliitis
is frequently seen (Gheita et al., 2015). Reports of
asymptomatic infections are also available.

Transmission

Animals most frequently contract diseases from
eating grass, concentrates, hay, and water (Swai and
Schoonman, 2010). Moreover, the fetus is polluted
after birth; significant sources of infection include
uterine fluids, aborted fetuses, and newborn calves
that have high concentrations of pathogenic organisms
(Khurana et al., 2021). Nonetheless, infections through
the conjunctiva, respiratory mucosa, and damaged skin
frequently arise (Lopez-Santiago et al., 2019). Calves
can become infected in the womb by suckling on an
infected mother (Tulu, 2022). Animal brucellosis is
extremely contagious, and some Brucella species can
spread between species. Additionally, genital infections
are possible and are more common in cases of B. suis
infections (Cilia ef al., 2021). The importance of
venereal transmission varies depending on the species.
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This is how B. suis, B. ovis, and B. canis are mostly
spread (Xavier et al., 2009). Although B. melitensis and
B. abortus are detected in semen, there is little chance
of these organisms being sexually transmitted (Prusty
etal.,2016).

Brucella organisms found in infected semen have
the potential to spread the disease, but the risk of
transmission from bulls increases significantly if the
semen is utilized for artificial insemination (Li et al.,
2020). Human-to-human transmission can happen
through nursing, organ transplantation, transplacental
transfer, and, very infrequently, sexual contact (Tuon
et al., 2017). Additionally, dairy products, diseased
tissue including placentas and aborted tissue, and
direct contact with infected animals can all result in
transmission (Franc et al., 2018). Despite the fact that
pasteurization kills Brucella and prevents infections
in humans, long-standing cultural customs and a lack
of public awareness of the risks associated with raw
milk consumption preclude some resource-constrained
groups from routinely performing this process (Hull
and Schumaker, 2018).

Risk factor

Risk factors in animal

In comparison to younger cattle, older livestock were
linked to higher seroprevalence. This tendency can
be demonstrated since animals exposed to bacteria
from different sources increase with age (Assenga
et al., 2015). Similarly, compared to sexually
immature heifers, sexually mature cattle had increased
seropositivity (Islam ef al., 2021). It is best to screen
older herds of cattle for infections before testing
younger herds, as this will minimize exposure to young
calves.

Female cattle have a greater risk of contracting Brucella
disease than bulls because female cattle are kept in the
herd for longer to reproduce and are, therefore, more
susceptible to disease than bulls which are kept for a
relatively shorter period of time (Ndazigaruye et al.,
2018). Heifer immunity tends to be lowered by stress
related to pregnancy and calving, which also explains
the observed disparities (Ayoola ef al., 2017). Programs
for vaccinations should concentrate on female cattle
who are housed longer and are more susceptible to
infection (Bahadori et al., 2021).

In the third semester, the group of animals with
a history of abortion had a higher seropositivity
(Tarusikirwa et al., 2023). The presence of erythritol,
a growth stimulant for B. abortus, increases the
susceptibility of cows to Brucella infection, especially
in early pregnancy, and the condition can result in late-
term abortion (Xiao ef al., 2022). Following the initial
abortion, the animal is capable of giving birth without
any issues. Nonetheless, some sick cows might not give
birth (Khan and Zahoor, 2018). Consequently, a history
of abortion raises the risk of contracting Brucella.
To rule out reasons for abortion, cows that undergo

abortions should be kept apart from other cows and
screened for brucellosis (Deresa ef al., 2020).

Risk factors in human

Human populations at high risk of contracting
brucellosis include those who care for Ccattle,
veterinarians, slaughterhouse employees, butchers,
and vendors of meat and dairy products (Madut et al.,
2019). The main ways that slaughterhouse workers
can become infected are via touching open wounds
with their bare hands, splattering contagious liquids
on their conjunctiva, and breathing in aerosols from
the slaughterhouse (Pereira et al., 2020). Given that
brucellosis is the most prevalent laboratory-acquired
infection worldwide, laboratory workers are likewise
at a significantly increased risk (Traxler et al., 2013).
Thus, care should be taken when working with these
bacterial cultures. People who are very susceptible to
this illness should be made aware of it and urged to
work while donning personal protective equipment to
prevent infection (Zhang et al., 2019). Additionally,
healthcare professionals need to be aware of this illness
and competent in making accurate diagnoses for high-
risk patients (Moriyon et al., 2023).

Those who work at slaughterhouses are subjected to
behaviors that raise their risk of bacterial infection,
including touching contaminated tissue and breathing
in droplets (Hassan et al., 2022). Annual screening of
slaughterhouse employees is required to detect and
treat disorders brought on by this bacterial infection
as soon as possible (Madut et al., 2019). Another way
to increase the chances of getting sick when handling
butchered animals is to wear less closed clothing
(Mburu et al., 2021). Those engaged included meat
cutters and carvers who worked with blood, organs,
and abortion supplies on a daily basis (Khan et al.,
2020). This exposure is increased by failure to utilize
personal protective equipment (boots, goggles, aprons,
helmets, and gloves) and ignoring proper hygiene
precautions (Golshani and Buozari, 2017). Managers
of slaughterhouses are required to provide personal
protection equipment and bandages to employees who
have cuts on their bodies to stop the spread of infection
(Acharya et al., 2018).

Higher seroprevalence rates were linked to people
handling aborted fetuses and helping with abortions
and deliveries without donning personal protective
equipment (TeshomeYimer ef al., 2021). The favored
carbon or energy source, erythritol, is found in tissues
rich in brucella, which promotes the bacterium’s
rapid growth (Petersen et al., 2013). The uterus,
epididymis, breast tissue, and fetus of animals all
have high quantities of erythritol (Carvalho et al.,
2023). Furthermore, progesterone produced by the
placenta promotes Brucella growth in vitro (Xiao
et al., 2022). High quantities of germs are found in
the secretions of these tissues; these concentrations
are highest in the vagina soon following an abortion
or childbirth (Cosford, 2018). Consequently, a major
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source of infection is abortion products and delivery
materials. There is a significant danger of infection
when these tissues are directly and frequently touched
(Mehari et al., 2021). Brucellosis seropositive pregnant
women who had contact with contaminated animals
(Kledmanee et al., 2019). This hypothetical situation
highlights how crucial it is to use personal protection
equipment when working with livestock and getting rid
of placentas or aborted fetuses.

Raw milk consumption is a risk factor for Brucella
infection for farmers and community members (Onyango
et al., 2021). Brucella prefers to get its energy from
breast tissue because it is high in erythritol (Gonzélez-
Espinoza et al., 2021). Infected cows will excrete the
germs in their milk and ingestion of unpasteurized milk
is a risk factor for infection in humans (Abdali ef al.,
2020). Some dairy farms sell their milk at marketplaces,
use it for domestic consumption, or have processing
facilities collect it (Mengistu and Meressa, 2023).
Nevertheless, it is currently unknown how healthy this
milk is. Assessing the health risks associated with milk
quality is also necessary to guarantee customer safety
both before and after the production process (Bacigale
et al., 2023). Avoiding raw milk drinking will slow
the spread of infection because there are currently no
proven control measures for this disease.

Public health importance

Human brucellosis is a common disease worldwide.
FAO, WHO, and OIE categorize this disease as one
of the most globally distributed diseases (Laine et al.,
2022). The majority of human instances of brucellosis
are contracted from animals, particularly sheep, goats,
and cows (Gwida et al., 2010). There are five species of
Brucella that can infect humans: B. suis, B. melitensis,
B. canis, B. abortus, and B. pinnipedialis (Kurmanov
et al., 2022). Of these, B. melitensis is the most
invasive and harmful species for humans, followed by
B. abortus, B. suis, and B. canis (Dadar et al., 2019).
Additionally, the US Centers for disease control and
prevention have classified B. melitensis, B. suis, and B.
abortus as potential biological weapons (Seleem et al.,
2010). The reason for this is that the three species are
very contagious due to their ease of acrosolization.
Globally, humans contract brucellosis in half a million
cases each year (Leong et al., 2015). The key to
human infection is the frequency of infection in animal
reservoirs. Typically, B. suis and B. abortus infections
target livestock-related occupational groups (Hull
and Schumaker, 2018). Infections with B. melitensis
are more common than other kinds in the general
population (Elbehiry et al., 2023). In many regions of
the world, there might be anywhere from a few cases
to over 500 cases of brucellosis per million people per
year (Laine et al., 2023). A global report puts the annual
number of human cases at 500,000 (Zhou et al., 2020).
Treatment

Antibiotic treatment of brucellosis in animals is
often unsuccessful due to the intracellular survival of

Brucella and its adaptability in macrophages (Mode
et al., 2022). Infection recurrence and low treatment
success rates are prevalent in men (Alavi and Alavi,
2013). When treating brucellosis in humans, careful
consideration must be given to the drug combinations
used to minimize adverse effects and the development
of resistance. The efficacy of treating brucellosis
cases with ciprofloxacin and ceftriaxone as single
medications was not encouraging (Fatani ez al., 2019).
Due to its lower risk of illness recurrence, combination
therapy is recommended over monotherapy. For the
treatment of uncomplicated brucellosis (without signs
of endocarditis, spondylitis, or neurobrucellosis),
multidrug therapy is suggested because monotherapy is
insufficient (Yousefi-Nooraie ef al., 2012).

A different regimen involves taking 100 mg of
doxycycline twice daily and 600-900 mg (15 mg/kg
BW) of rifampicin orally once a day for six weeks
(Khurana et al., 2021). Amikacin can also be taken
twice a day for a week as part of this regimen to provide
therapy using three different medications (Ranjbar
et al., 2007). The most effective medication against
experimentally produced brucellosis was azithromycin,
which was followed by meropenem in in vitro tests to
evaluate the sensitivity and effectiveness of pefloxacin,
lomefloxacin,  meropenem, and  azithromycin
(Maletskaia, 2002). It is also advised to follow dose
regimens that include doxycycline for six weeks along
with rifampicin for six weeks or with streptomycin
for two to three weeks (Yousefi-Nooraie et al., 2012).
The optimal treatment strategy is thought to involve
a combination of doxycycline and streptomycin (Alp
et al., 2000).

Brucella was able to multiply and adapt inside cells even
when streptomycin or doxycycline was used separately
(Glowacka et al., 2018). While the doxycycline-
streptomycin regimen is thought to be the most effective,
it has some practical drawbacks because streptomycin
needs to be given intravenously for three weeks (Solera
et al., 1995). Another regimen, doxycycline for six
weeks along with parental administration of gentamicin
for a week is also considered suitable (Ariza et al.,
2007). Comparing the effectiveness of doxycycline
and rifampicin in combination with co-trimoxazole
to treat patients with brucellosis revealed different
rates of disease recurrence (Alavi and Alavi, 2013).
In comparison to co-trimoxazole and doxycycline, the
frequency of recurrence is 1.96 times higher when co-
trimoxazole with rifampicin is administered (Yousefi-
Nooraie et al., 2012). In addition, tauroursodeoxycholic
acid or ginseng saponin fraction A have also been
observed to prevent intracellular Brucella replication
(Glowacka et al., 2018).

Fluoroquinolones have been tried experimentally
to treat brucellosis by several researchers; however,
the results do not support their usage as first-line
therapy (Safi and Al-Mariri, 2012). Due to the distinct
characteristics of brucellosis, medical professionals and
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microbiologists need to collaborate closely to properly
diagnose, track, and treat brucellosis in humans. Singh
et al. (2015) have provided a detailed and accurate
description of the necessary measures for treating dairy
animals afflicted with bovine brucellosis. The course of
treatment for brucellosis can have some adverse effects
and typically lasts up to one month (Yousefi-Nooraie
et al., 2012). Innovative anti-virulence substances that
preserve essential cellular activities are presently being
investigated for advanced applications. Since these
antivirulence strategies do not interfere with normal
processes, the risk of antibiotic resistance is greatly
decreased (Martinez et al., 2019).

Control

The primary problem in endemic locations is controlling
brucellosis. Controlling animal illness and preventing
its spread to people is the sole method to prevent
brucellosis in humans (Khan and Zahoor, 2018). In
a small number of wealthy nations, brucellosis has
been reduced to negligible levels through costly
and time-consuming animal vaccination campaigns
that were later followed by the culling of diseased
animals (Bundle and McGiven, 2017). Food safety,
particularly the pasteurization of milk, is crucial to
preventing human infection (Owusu-Kwarteng et al.,
2020). A “one health” strategy is necessary to control
illnesses like brucellosis (Ghanbari et al., 2020). At-
risk communities must be informed and educated by
established programs, and animal and human health
professionals must collaborate with livestock owners
(O’Callaghan, 2020). Significant ramifications for those
making political decisions are crucial. Implementing
surveillance of both human and animal populations
is necessary and effective vaccinations are needed for
immunization programs (Franc et al., 2018).
Researchers have used the RB51 and S19 vaccinations
to create a novel and effective immunotherapy that
protects cattle against bovine brucellosis (Saxena and
Raj, 2018). Blood samples were tested negative for
Brucella even after three months of vaccination with
a combination of these two vaccinations administered
subcutaneously at a dose of 2 ml (Simpson et al.,
2018). S19 increases the humoral immune response
to a greater extent than RB51, which elicits a stronger
cellular immunological response (Dorneles et al.,
2015). The findings of this study should promote the
use of bacteriophage vaccinations for the management
of brucellosis in cattle.

All of the current vaccinations have the potential to
induce brucellosis in humans, can spread by inoculated
animals, and cannot completely produce abortion in
target or non-target animals (Elbehiry et al., 2023).
Additionally, RB51 is resistant to rifampicin, which
is one of the recommended medications for treating
human brucellosis (Negron ef al., 2019). Therefore, a
novel vaccination that is both safe and efficacious for
use in people and animals is required. A lot of research
is being done to create new vaccines and enhance the

effectiveness and safety of current ones. Presently, there
is a global appeal for the creation of novel brucellosis
vaccines, offering substantial rewards for the first
vaccine to receive a license (Fatehi et al., 2023).
Bioterrorism

In addition to being a serious zoonotic disease,
brucellosis is classified as category B and is associated
with bioterrorism (Yagupsky and Baron, 2005). Brucella
was investigated as a potential bioterrorism agent
due to the severity of the disease, the unavailability
of a vaccine safe for human use, and the frequent
inaccuracies in the identification of isolates by clinical
laboratories (Doganay and Doganay, 2013). Before
1954, when Britain focused on anthrax, brucellosis
was the first microbe selected by the United States for
development as a biological weapon (Bakri ez al.,2018).
These microorganisms can be effectively dispersed in
four-pound bombs. In 1954, the U.S. military employed
B. suis as a biological weapon; however, following
the 1972 treaty on biological and chemical weapons,
efforts to continue using this weapon were discontinued
due to political shifts throughout the world (Guihot
et al.,2004).

Brucella is easily grown and transmitted, and when
it infects humans, it can cause long-term clinical
symptoms as well as persistent disease transmission
(Franc et al., 2018). Food or aerosol contamination
are potential sources of contamination (Noviello et al.,
2004). One of this microorganism’s advantages is that it
can deteriorate without becoming lethal. The infective
dose of this organism is very low if infected through
inhalation. An infectious aerosol dosage for humans
is thought to be produced by 10-100 organisms (Silva
et al., 2011). There would be $477.7 million in losses
for every 100,000 individuals exposed in the event
of a brucellosis bioterrorist strike (Kaufmann et al.,
1997). Brucella has long been thought of as a possible
bioterrorist microbe; however, no reports of its use in
bioterrorist attacks have surfaced.

Conclusion

Brucellosis, caused by Brucella spp, is an
underrecognized and neglected zoonotic disease that
affects both animals and humans with unprecedented
economic impact on a global scale. Brucellosis is not
widely reported in some developed countries such
as the United Kingdom, the Netherlands, Norway,
Australia, Cyprus, Canada, Denmark, Sweden,
and Finland; however, numerous countries have
recorded cases of brucellosis. It is becoming a more
common disease with high reports of prevalence in
Mediterranean Europe, Central America, Italy, Near
Eastern nations, Mexico, South America, Central Asia,
Africa, and India. In animals, Brucella spp has been
noted to be one of the pathogens that are responsible
for orchitis, arthritis, epididymitis, and infertility in
animals; thus, leading to abortion, birth of a frail fetus,
reduced meat production, and low milk production.
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Most developing nations have an endemic form of this
illness, which has a devastating financial impact on the
cattle sector, particularly small-scale farmers. Among
humans, the population mostly at risk are mostly those
who care for cattle, veterinarians, slaughterhouse
employees, and butchers via touching open wounds
with their bare hands, splattering contagious liquids
on their conjunctiva, and breathing in aerosols from
the slaughterhouse with attendant symptoms such
as fever, arthralgia, malaise, headache, sweating,
anorexia, stomach or back pain, and chronic infection.
An estimated 500,000 human cases due to Brucella
spp infections have been recorded annually worldwide.
Treatment of brucellosis is very complicated, difficult,
and often unsuccessful due to the various pathogenic
elements and survival strategies employed by Brucella
to evade immune system cells and antimicrobials.
Controlling animal illness and preventing its spread
to people with a “one health” strategy is very vital in
preventing brucellosis in humans.
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