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ABSTRACT ARTICLE HISTORY
Background: Brucellosis is a pervasive zoonotic disease caused by various Brucella species. It Received 19 October
mainly affects livestock and wildlife and poses significant public health threats, especially in 2023
regions with suboptimal hygiene, food safety, and veterinary care standards. Human contractions Revised 10 December
occur by consuming contaminated animal products or interacting with infected animals. 2023
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Objective: This study aims to provide an updated understanding of brucellosis, from its 2023
epidemiology and pathogenesis to diagnosis and treatment strategies. It emphasizes the
importance of ongoing research, knowledge exchange, and interdisciplinary collaboration for
effective disease control and prevention, highlighting its global health implications.
Methods: Pathogenesis involves intricate interactions between bacteria and the host immune
system, resulting in chronic infections characterized by diverse clinical manifestations. The
diagnostic process is arduous owing to non-specific symptomatology and sampling challenges,
necessitating a fusion of clinical and laboratory evaluations, including blood cultures, serological
assays, and molecular methods. Management typically entails multiple antibiotics, although the
rise in antibiotic-resistant Brucella strains poses a problem. Animal vaccination is a potential
strategy to curb the spread of infection, particularly within livestock populations.
Results: The study provides insights into the complex pathogenesis of brucellosis, the challenges
in its diagnosis, and the management strategies involving antibiotic therapy and animal
vaccination. It also highlights the emerging issue of antibiotic-resistant Brucella strains.
Conclusions: In conclusion, brucellosis is a significant zoonotic disease with implications for
public health. Efforts should be directed towards improved diagnostic methods, antibiotic
stewardship to combat antibiotic resistance, and developing and implementing effective animal
vaccination programs. Interdisciplinary collaboration and ongoing research are crucial for
addressing the global health implications of brucellosis.
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1. Introduction animal products or direct contact with infected ani-
mals. The disease exhibits endemicity in regions such
as the Middle East, Mediterranean, Central and South

America [1].

Brucellosis is a zoonotic disease that primarily affects
both livestock and wildlife. This infectious condition
has considerable public health implications and causes

significant economic challenges, especially in regions
with inadequate food safety measures, hygiene stan-
dards and veterinary care. Brucellosis transmission to

Brucella spp. exploit host immune defences to
establish chronic infections, leading to a spectrum of
clinical manifestations ranging from fever, fatigue and

humans occurs through ingesting contaminated  joint pain to more severe complications, such as
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endocarditis and neurological disorders [2]. Diagnosis
of brucellosis necessitates the use of clinical evalua-
tions and laboratory examinations, including blood
cultures, serological testing and molecular approaches.
Nevertheless, diagnostic challenges arise due to the
non-specific nature of the symptoms and difficulties in
obtaining suitable samples for testing [3].

Treatment strategies typically involve a combination
of multiple antibiotics; however, the emergence of
antibiotic-resistant Brucella strains presents significant
challenges [4]. Vaccination of animals that are poten-
tial carriers of bacteria, especially within livestock pop-
ulations, is promising for controlling the spread of
brucellosis [5].

Despite concerted efforts to manage and mitigate
the spread of brucellosis, it continues to pose a signifi-
cant challenge to public health. This study provides a
complete overview of brucellosis, specifically emphasis-
ing its epidemiology, pathophysiology, diagnosis and
treatment methods. It also presents the latest research
on Brucella species, their host range, and their transmis-
sion modes.

Finally, the review emphasises the need for sus-
tained research and interdisciplinary collaboration
among public health officials, healthcare providers and
veterinary experts to develop effective strategies to
control and prevent brucellosis [6]. This provides a
comprehensive understanding of brucellosis and its
impact on global health.

2. Epidemiology of brucellosis
2.1. Global prevalence

Brucellosis is a zoonotic infection caused by various
Brucella species, affecting both humans and animals,
including cattle, dogs, sheep and goats [7, 8]. Recent
studies reveal a higher global incidence than previ-
ously estimated, with 1.6-2.1 million new human
cases annually [9, 10]. Resource-limited regions, such
as the Mediterranean, Middle East, Central Asia and
certain parts of Africa, report elevated incidence rates
[7]. Iran, Kyrgyzstan, Tajikistan, Kazakhstan, Azerbaijan,
Turkmenistan, Armenia and Uzbekistan are among the
countries with the highest reported incidences of bru-
cellosis [11, 12].

2.2. Regional Epidemiology

2.2.1. Regional epidemiology-California, United
States of America

In Latin America, Mexico and Peru have reported
many cases [13]. A study conducted by Fritz et al. on

the epidemiology of brucellosis in California found
that the disease is particularly prevalent among older
Latino men, with a significant link to the consump-
tion of unpasteurised Mexican-style soft cheese and
B. melitensis was the most common species detected
in cases. There were 492 cases reported in California
from 1993 to 2017, underscoring the health risks of
brucellosis. This study emphasises the importance of
public health initiatives to inform the Latino commu-
nity, especially the older population, about the risks
associated with importing and consuming unpasteur-
ised dairy products, particularly those from
Mexico [14].

2.2.2. Regional epidemiology—Europe

In the 28 EU countries, the annual incidence rate for
2017-2018 was 0.09 per 100,000 people [15]. The
European Food Safety Authority (EFSA) noted a decline
in brucellosis cases from 735 in 2008 to 352 in 2011,
highlighting successful intervention measures [13].

In Europe, Brucella canis has emerged as a cause of
canine brucellosis, indicating a zoonotic threat to pub-
lic health. The lack of comprehensive surveillance and
awareness of B. canis among veterinarians and dog
owners complicates disease management. The current
diagnostic tools for detecting B. canis infection are
insufficient in sensitivity and specificity, underscoring
the need for better diagnostic methods. The lack of
universal reagents and standards for serological tests
adds to the challenge of accurately diagnosing this
infection. To address these issues, this study empha-
sises the importance of developing awareness materi-
als, profession-specific guidance and enhanced
diagnostic techniques to curb the spread of B. canis
and increase awareness among the public and profes-
sionals [16].

2.2.3. Regional epidemiology-Bosnia and
Herzegovina

Between 2008 and 2018, 263 cases were studied in
Bosnia and Herzegovina, decreasing from 102 in 2008
to 3 in 2018. The findings of this study regarding epi-
demiological characteristics align with the data from
other global studies. Specifically, there was a notable
male predominance; the most affected age group was
between 25 and 49 years, and most patients either
hailed from rural settings or had previous exposure to
animals [13, 15, 17, 18].

2.2.4. Regional epidemiology-Turkey
A study was conducted in Turkey to investigate the
prevalence of brucellosis in children. The primary risk



factor identified was occupational exposure, with
71.1% of the studied families engaging in animal
breeding. Additionally, having a family member previ-
ously diagnosed with brucellosis accounted for 15.6%
of the total risk. The study also emphasised that con-
suming raw milk and dairy products, such as cheese, is
the primary transmission route in most instances.
These findings are consistent with previous studies
conducted in other regions of Turkey [19].

2.2.5. Regional epidemiology-Iran

Brucellosis is present in most parts of Iran, with 80,000
cases reported annually since 1989. It has been
reported in Iran that healthcare workers are acciden-
tally exposed to Brucella strains during routine animal
vaccination programs [20]. Brucellosis incidence in Iran
varies by region and has decreased in recent years.
Males aged 25-29 years are more commonly affected
by the disease, with western provinces reporting
higher prevalence. The seasonality of brucellosis cases
is notable, with spring months seeing increased diag-
noses. Occupational risks for healthcare workers,
including accidental exposure during animal vaccina-
tion programs, highlight the need for targeted preven-
tion strategies. Brucella melitensis biovar 1 remains the
dominant causative agent in Iran, and risk factors
include the consumption of unpasteurised dairy prod-
ucts and living in rural areas. Efforts to control and
manage brucellosis in Iran require a multifaceted
approach that addresses regional variations and occu-
pational exposures [21-24].

2.2.6. Regional epidemiology-Jordan

In Jordan, brucellosis is prevalent among young
adults in rural areas and those working in
livestock-related occupations, particularly during the
spring and summer. Al-Amr et al. revealed variations
in seropositivity rates, with occupational exposure
being a significant risk factor. This research also high-
lights the substantial health burden of brucellosis in
Jordan, exceeding that in North America and Western
Europe, with 31.1% of febrile illnesses in Jordan
attributed to the disease. These findings are crucial in
informing and enhancing disease control and preven-
tion strategies, offering valuable insights into the epi-
demiology of brucellosis in Jordan and contributing
to reducing its impact [25].

2.2.7. Regional epidemiology-India

A study by Holt et al. [26] revealed that brucellosis, a
zoonotic disease caused by Brucella species, is endemic
in rural areas of India, with a seroprevalence of 15.1%
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(95% CI: 15.9-19.8%). This finding emphasises the dis-
ease’s prevalence in regions where agriculture and live-
stock farming are common, facilitating disease
transmission due to close human-animal interaction.
Seroprevalence, denoting the presence of Brucella anti-
bodies in individuals’ blood, highlights substantial
exposure within the rural population. Moreover, the
study’s 95% confidence interval underscores the statis-
tical reliability of this seroprevalence estimate. In con-
clusion, Holt et al’s research underscores brucellosis as
a significant health concern in rural India, necessitating
effective control measures and increased community
awareness to address this zoonotic disease’s impact [26].

2.2.8. Regional epidemiology-Punjab, Pakistan

In Punjab, Pakistan, a study by Nawaz et al. on the epi-
demiology of brucellosis revealed a seroprevalence of
13.13%, with higher rates in males aged 25-40. Risk fac-
tors were lack of education, involvement in farming,
keeping animals at home, animal slaughter and con-
sumption of raw milk. This study further emphasises the
necessity of raising awareness regarding disease trans-
mission and risk factors among individuals with direct
animal  exposure, particularly livestock farmers.
Furthermore, it underscores the importance of avoiding
unpasteurised dairy products to mitigate the spread of
this often underestimated zoonotic disease, which has a
high regional morbidity rate [27].

2.2.9. Regional epidemiology-China

A study in China examined the epidemiological fea-
tures, morbidity and endemic nature of human brucel-
losis and observed a notable increase in the population
[28]. Four-year study revealed divergent trends in the
incidence of brucellosis across China, with a nation-
wide average annual incidence of 3.0 per 100,000 peo-
ple. While the rate substantially decreased in Xinjiang,
it more than doubled in Inner Mongolia, contributing
to the higher incidence rate in Northern China. Notably,
males aged 45-64 in this region are more than twice
as likely to be affected by their female counter-
parts [29].

2.2.10. Regional epidemiology-Mongolia

A study found a declining incidence but increasing
seroprevalence of human brucellosis in Inner Mongolia
from 2012 to 2016, with genetic data pointing to both
sporadic cases and cross-infections potentially exacer-
bated by long-term livestock trade [30]. Notably,
Mongolia ranks second globally in incidence, whereas
Syria has the highest annual prevalence.
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2.2.11. Regional epidemiology-sub-Saharan Africa
Brucellosis is endemic to many regions of the world,
including sub-Saharan Africa. According to the litera-
ture published between 2010 and 2019, the preva-
lence of brucellosis in livestock ranged from 0.2% to
43.8% in cattle, 0.0% to 20.0% in goats, and 0.0% to
13.8% in sheep. In humans, the prevalence of brucel-
losis in the sub-Saharan African region ranges from 0%
to 55.8%, highlighting the significant presence of bru-
cellosis infection in this area [31].

3. Transmission of brucellosis

The prevention and control of brucellosis is of para-
mount significance, and a thorough understanding of
its mode of transmission is indispensable in achieving
this objective. Brucellosis can be transmitted to
humans through several paths.

3.1. Direct contact with infected animals

Brucellosis is primarily transmitted through direct con-
tact with infected animals or their bodily fluids, includ-
ing vaginal discharges, aborted materials and semen.
Those who work closely with livestock, such as farm-
ers, veterinarians and livestock handlers, are at a
heightened risk of contracting the disease due to their
frequent interactions with animals [9, 10, 32].

3.2. Consumption of contaminated products

Brucellosis can also be transmitted through the consump-
tion of raw or unpasteurised dairy products from infected
animals, including milk and cheese. The consumption of
these contaminated food products can result in human
infection, emphasising the importance of food safety
practices to prevent the spread of the disease [7].

3.3. Inhalation of airborne agents

In certain occupational settings, such as slaughter-
houses and meat processing facilities, the airborne
transmission of Brucella bacteria can become a con-
cern. It is possible for workers in these environments
to inhale airborne agents, which may result in infec-
tion. This highlights the necessity of implementing
effective workplace safety measures and utilising
appropriate protective equipment [9, 10].

3.4. Occupational hazard

Human brucellosis poses a significant risk factor for
occupational exposure, particularly for individuals in

professions such as butchers, laboratory workers and
hunters, who have direct contact with infected animals
or their products. To mitigate this risk, it is essential to
implement occupational health precautions [7].

Laboratory-acquired human brucellosis infections are
not uncommon [13]. For example, 12 out of 48 health-
care workers tested positive for Brucella spp. in a hospi-
tal facility in Ankara, resulting in an infection risk of 8%
per employee per year [19]. While person-to-person
transmission is rare, it is crucial to recognise other
potential sources of brucellosis transmission. These
include blood transfusions and bone marrow trans-
plants, underscoring the importance of antibody detec-
tion methods, especially in endemic areas [12, 13, 20].

Additionally, brucellosis can be transmitted through
inhalation of aerosols, contact with contaminated skin, and
colonisation of the udder by using contaminated milking
equipment [12, 13, 20]. It is worth noting that brucellosis
is considered a potential type B bioweapon [33].
Furthermore, the unhygienic processing of milk, milk prod-
ucts and meat has contributed to the spread of human
brucellosis, highlighting its zoonotic nature [13, 33]. In con-
clusion, occupational exposure is a significant concern in
brucellosis transmission. Professionals in specific fields need
to be vigilant and take appropriate precautions to reduce
the risk of infection, and public health measures should
address these potential transmission sources.

3.5. Indirect transmission

Indirect transmission can occur through contact with
contaminated materials or environments. People
encountering surfaces or objects contaminated with
Brucella can become infected. Proper sanitation and
hygiene practices are essential in reducing the risk of
indirect transmission [9, 10].

3.6. Intrauterine transmission

Brucellosis, although rarely transmitted, can be passed
from an infected mother to her unborn child during preg-
nancy, underscoring the significance of prenatal care and
monitoring for pregnant individuals with brucellosis [9,
10, 32]. Therefore, a thorough understanding of the vari-
ous modes of transmission is crucial to prevent its spread.
Implementing effective preventive measures, such as vac-
cinating livestock and promoting public health education,
is imperative in controlling this zoonotic disease.

4. Trends and seasonal variations

The seasonal trends showed the highest prevalence of
brucellosis from March to June. Spring showed a marked



distribution of brucellosis in areas where the disease is
endemic [15]. A study by Delam et al. conducted from
2015 to 2020 utilising the Cochran-Armitage test,
revealed that the average annual incidence of the dis-
ease was 8.94 per 100,000 individuals. The study also
found a significant decrease in the incidence rates, drop-
ping from 26.83 per 100,000 people in 2015 to 1.83 per
100,000 people in 2020. The Cochran-Armitage test
confirmed that this reduction in incidence was statisti-
cally significant [34].

5. Species and biovars

The Brucella genus comprises six species, each catego-
rised by its principal host: B. melitensis (sheep and
goats), B. abortus (cattle), B. suis (pigs), B. ovis (sheep),
B. canis (dogs) and B. neotomae (wood desert rats). B.
melitensis is the most virulent bacterium in humans
[10, 35]. B. abortus is found worldwide in cattle-raising
regions, except Japan, Canada and some European
countries [12]. In recent years, several new species
have been successfully isolated, including B. inopinata
(from humans), B. pinnipedialis, B. ceti (from aquatic
animals) and B. microti (from the common vole),
expanding the count to 10 species [36].

Studies have shown that each Brucella species com-
prises multiple biovars. B. abortus consists of eight dif-
ferent biovars (1-7 and 9), B. melitensis has three
biovars (1-3) and B. suis has five biovars (1-5). Other
Brucella species have not yet been differentiated into
biovars [37, 38]. In a study by Liu et al, 107 human
isolates of Brucella, identified explicitly as the B. meli-
tensis species and predominantly as biovar 3, were
subjected to an MLVA-16 assay to explore their genetic
diversity. This assay classified these isolates into 75
unique MLVA-16 genotypes. Intriguingly, 54 of these
genotypes represent unique, epidemiologically unre-
lated and sporadic cases of brucellosis. In contrast, the
remaining 21 shared genotypes among two to four
strains indicated cross-infections and multiple outbreak
events. Moreover, substantial genotype overlap was
observed with strains from Kazakhstan, Mongolia and
Turkey, which are the key members of the Grassland
Silk Road. The extensive trade of small ruminants,
mainly sheep, in these countries may have contributed
to the regional spread of Brucella spp. [30].

6. Diagnostic challenges and public health
response

Brucellosis poses numerous diagnostic challenges that
significantly hinder public health initiatives. These diffi-
culties are closely related to the extent of contact
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individuals have with infected animals or their prod-
ucts [9, 10]. Here are some crucial aspects to take into
account:

a. Misdiagnosis and underdiagnosis: One of the main
obstacles in diagnosing brucellosis is the risk of
misdiagnosis or underdiagnosis. The symptoms
of the disease, such as fever, fatigue and joint
pain, are non-specific and can be similar to those
of various other illnesses. As a result, healthcare
providers may either overlook the diagnosis or
confuse it with other conditions, leading to
delayed appropriate treatment.

b. Resource-poor settings: Diagnostic inaccuracies,
particularly misdiagnosis and underdiagnosis,
are notably prevalent in regions with limited
access to advanced diagnostic equipment and
healthcare infrastructure. Consequently, the dis-
ease burden in such resource-poor settings may
be considerably underestimated, resulting in
inadequate public health responses.

c. Overestimated case numbers: The paradoxical
nature of diagnosing brucellosis is such that
the difficulty in doing so can lead to an overes-
timation of case numbers in regions where
healthcare systems rely on less specific diagnos-
tic methods. This overestimation can in turn
foster heightened risk perceptions and unwar-
ranted panic among the general population.

In response to these challenges, several crucial
measures need to be implemented:

a. Improved diagnostic methods: The development
of reliable diagnostic tests for brucellosis is
imperative, as current methods are often inac-
curate and slow. Research and development ini-
tiatives should focus on creating tests that can
accurately differentiate brucellosis from other
febrile illnesses and are suitable for use in
resource-limited settings. These tests should
also be easily accessible to improve early diag-
nosis and treatment of the disease.

b. Enhanced surveillance: The implementation of
comprehensive surveillance systems is crucial
for the purpose of closely monitoring the
occurrence and geographic proliferation of
brucellosis. This entails identifying outbreaks at
an early stage and gaining insight into the dis-
ease’s epidemiological patterns within particu-
lar demographics.

c. Increased awareness: Brucellosis, a zoonotic dis-
ease  with  significant  public  health
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implications, requires increased awareness and
education among health professionals, particu-
larly those working in endemic regions.
Enhanced understanding of the clinical mani-
festations and diagnostic challenges associated
with the disease is crucial for accurate and
timely diagnoses, which is essential for effec-
tive public health responses. Improved diag-
nostics, strengthened surveillance and
increased awareness among healthcare provid-
ers are vital components in mitigating the
impact of brucellosis, especially in resource-poor
settings where the burden is often high. These
efforts are essential for controlling the spread
of the disease and minimising its impact on
affected populations.

7. Virulence factors and pathogenesis

Regarding virulence factors, Brucella lacks classical fac-
tors such as exotoxins, cytolysins and exoenzymes. Its
pathogenesis is attributed to unique factors, such as
lipopolysaccharide (LPS), type IV secretion system
(T4SS) and the BvrR/BvrS system. These factors facili-
tate interactions with host cells, the formation of
Brucella-containing vacuoles (BCVs), and interactions
with the endoplasmic reticulum (ER) during bacterial
multiplication [39-41].

The pathogenesis of brucellosis is intricate and
involves bacterial invasion of host cells, immune evasion
and chronic infections. Brucella uniquely penetrates and
persists within host cells, such as macrophages, and
uses strategies to bypass host immune defences, lead-
ing to prolonged infection. Symptoms in humans
include fatigue, fever, generalised discomfort, and more
severe manifestations, such as arthritis, osteomyelitis,
endocarditis and meningoencephalitis [39-41]. Brucella
is an adept intracellular pathogen that can survive and
replicate within the host cells, evading the immune sys-
tem. They inhibit phagocytosis, reduce bactericidal
activity, diminish endotoxic reactions and impede anti-
gen presentation [39-41].

The pathogenesis of Brucella extends to its survival
and multiplication within phagocytic and non-phagocytic
cells, its ability to manipulate host cell processes, dis-
rupt phagocyte function, inhibit phagocytosis and pre-
vent host cell apoptosis. It modulates the host immune
response by targeting signalling pathways involved in
innate immunity, such as the degradation of the TLR
signalling adapter MAL [39-41]. Brucella’s resilience in
various environments, including water, soil, dairy prod-
ucts and meat, further contributes to its pathogenesis
and transmission [39-41].

8. Clinical manifestations

The clinical manifestations of brucellosis vary signifi-
cantly, making the diagnosis challenging. Symptoms
range from flu-like illnesses to more severe complica-
tions involving multiple organs. The non-specific nature
of symptoms and the difficulty in obtaining samples
for laboratory testing contribute to challenges in diag-
nosing the disease. Haemorrhagic anaemia is an
important clinical manifestation of brucellosis in chil-
dren. Brucella infections can lead to microangiopathic
haemolytic anaemia and severe thrombocytopenia in
children. The ability of Brucella to change from a
non-haemolytic to a haemolytic phenotype may influ-
ence its pathogenicity and contribute to the correla-
tion between acute brucellosis and haemolytic anaemia
in humans. The expression of haemolysin genes in
Brucella may have accumulated mutations during
growth, resulting in the repair of the default genes
and the ability to express haemolysin, which can affect
pathogenicity. However, a conclusive explanation for
the development of haemolytic anaemia during
Brucella infection is still missing. The presence of hae-
molysin genes and haemolytic anaemia in humans has
been reported [42].

8.1. Symptoms and complications associated with
brucellosis

Brucellosis in humans is a multifaceted disease that
affects various organs with a diverse range of symp-
toms ranging from mild to severe. This complexity
often leads to misdiagnosis. If untreated, it may transi-
tion to the chronic phase, increasing the risk of disabil-
ity [43]. The incubation period ranged from five days
to 6 months [44]. Upon ingestion, Brucella bacteria are
carried by macrophages to lymphoid tissues, spread
through the lymphatic system, and can potentially
multiply in multiple organs, causing localised and sys-
temic infections [45].

The symptoms can persist for months or years in
chronic cases [45], making a comprehensive medical
and dietary history essential for accurate diagnosis,
especially in non-endemic regions where infection can
occur from consuming imported contaminated food
[46]. Brucellosis presents symptoms such as headaches,
recurring fever, migratory joint pain, muscle pain, weak-
ness, loss of appetite, fatigue, general discomfort,
sweating, vomiting, diarrhoea, abdominal pain and
even miscarriage [41]. Complications such as sacroiliitis,
osteomyelitis, spondylodiscitis, septic arthritis and epi-
dural abscesses may arise [47]. Rarely, brucellosis is
linked to conditions such as hepatic abscesses,



granulomas, spontaneous bacterial peritonitis, ventricu-
loperitoneal shunt infection and immune thrombocyto-
penic purpura [48-52]. Respiratory symptoms and
neurological manifestations, including Guillain-Barre
syndrome, can also occur [53, 54]. Death is rare, with
cases reporting a unique unpleasant odour in patients’
sweat [55, 56].

Physical examination findings may appear normal, but
signs such as lymphadenopathy, splenomegaly and hep-
atomegaly may be present [45]. Epididymoorchitis and
endocarditis are uncommon complications, with the lat-
ter being the primary cause of death related to brucello-
sis [57, 58]. Ocular and skin manifestations such as uveitis,
keratoconjunctivitis, iridocyclitis, optic neuritis, cataracts,
maculopapular eruptions, erythema nodosum, abscesses
and panniculitis have also been reported [59-62].

The CDC and the WHO do not precisely define
chronic brucellosis. Generally, symptoms persist for
over a year after the initial diagnosis [46]. Patients with
chronic brucellosis exhibit either a focal complication
with objective evidence of infection or persistent
symptoms without objective signs of infection, mani-
festing as general malaise and psychiatric complaints,
such as depression and anxiety [4, 63].

8.2. Relapse after treatment

The incidence of relapse after treatment ranges from
5% to 15%. Typically, relapses are observed within six
months after treatment completion, although they
can occur up to 12 months later [64]. The multivariate
model identified several factors as independent pre-
dictors of relapse. These factors include a temperature
of 38.3°C or higher, experiencing symptoms for less
than 10 days before starting treatment, and testing
positive for Brucella in blood cultures [65].
Distinguishing between relapse and reinfection can
pose challenges, particularly in regions where individ-
uals are continuously exposed to infectious agents
[64]. Relapses can be attributed to various causes,
such as an insufficient antibiotic treatment plan, a
shorter duration of antibiotic therapy than required,
nonadherence to the prescribed regimen, or localised
areas of infection. Relapses rarely occur because of
antibiotic resistance [66].

8.3. Laboratory diagnosis and its challenges

Humans can act as sporadic hosts for Brucella infec-
tion, primarily due to a virulent strain, which is B. mel-
itensis, B. abortus, B. suis and B. canis. ldentifying human
cases of brucellosis relies heavily on microbiological
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analysis because of the variability and lack of specific-
ity of the symptoms associated with the disease [67].
Diagnostic tools for brucellosis include blood culture,
serological assays and molecular methods. Each method
has advantages and limitations, such as sensitivity,
specificity and time required for accurate results. The
choice of diagnostic method depends on clinical pre-
sentation and available resources. There are three pri-
mary techniques used for microbiological identification
of human brucellosis: blood cultures, serology assays
and molecular assays. Here, we summarise recent
advancements in evaluating diagnostic techniques,
their clinical value, and their respective advantages
and disadvantages [68, 69].

8.3.1. Blood cultures

Peripheral blood cultures are crucial for confirming human
brucellosis, especially during bacteraemia. However, their
sensitivities were inconsistent, ranging from 10% to 90%.
Patients with early-stage brucellosis often have low-level
persistent bacteraemia detectable in multiple blood sam-
ples. However, as the infection advances, the bacterial
concentration in the blood drops, creating an unpredict-
able bacteraemia pattern and increasing bacterial isola-
tion from blood specimens [70].

Brucella may intermittently re-enter the blood-
stream, increasing the chances of clinical recurrence
and spreading to other areas. Despite its generally low
virulence in humans, Brucella spp. can be recovered
from mildly symptomatic or even afebrile patients. This
underscores the necessity of obtaining blood cultures
from suspected brucellosis cases, even without
fever [69].

Several factors affect the effectiveness of blood cul-
ture techniques for Brucella detection, including its
long generation time and reduced CO, emissions. For
enhanced recovery, it is suggested to incubate the
inoculated medium for four weeks and perform blind
subcultures of seemingly negative blood culture media.
Despite its effectiveness, this method is costly,
labour-intensive and significantly delays the diagnosis.

Shorter incubation periods (3-7 days) have been
explored, showing varying successes in detecting cir-
culating Brucella. However, the risk of prematurely dis-
carding vials containing viable Brucella cannot be
ignored, highlighting the importance of carefully
assessing the sensitivity and detection time of blood
culture systems [71]. Various blood culture techniques
have been employed.

a. Manual monophasic approach. Patient blood
samples were incubated in culture vials at 35°C
and checked for bacterial and fungal growth.
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However, Brucella's slow growth often went
undetected, leading to premature vial disposal
within 5-7 days. To improve Brucella detection,
vials were kept longer, and blind subcultures
were conducted when brucellosis  was
suspected.
b. Manual biphasic approach

« Castaneda flask: Ruiz-Castaneda proposed a
biphasic flask to avoid repeated blind subcul-
tures, save time and labour, and minimise the
risk of laboratory-acquired brucellosis. Despite
its non-specificity to Brucella, it remains popular
in regions with limited resources owing to its
affordability and practicality [72]. Proper identi-
fication is essential for confirming the presence
of Brucella spp.

«  TUMS medium: A variant in the Castafeda flask
medium, Tehran University of Medical Sciences
(TUMS) medium, expedites Brucella identifica-
tion. It uses a solid urea agar substrate to note
the colour change of the pH indicator, indicat-
ing Brucella-positive urease activity.

«  Hémoline medium: A study on Hémoline, a com-
mercial biphasic blood culture medium, showed
a five-day detection period for Brucella.
However, in 23.5% of the cases, detection was
delayed beyond seven days.

c. Lysis-based blood cultures. In this method, white
blood cells are lysed before seeding onto a
solid medium. This is crucial, as Brucella does
not circulate freely in the blood but is engulfed
by specific white blood cells. This engulfment
often leads to bacterial death, lowering culture
sensitivity and prolonging the detection time.
Lysing white blood cells releases live Brucella,
which is then transferred to solid media,
enhancing the likelihood and speed of detect-
ing viable Brucella organisms in culture.

d. Blood clot medium. The procedure involves col-
lecting a blood sample, allowing coagulation,
and separating the serum by centrifugation for
serodiagnosis. The clot was shaken vigorously
to break it apart, and the material was spread
on solid agar media for cultivation. Despite its
rational basis, this approach has limited pub-
lished data and has shown inconsistent results,
necessitating further research and evaluation to
optimise this method for brucellosis detection
[73].

e. Automated blood culture method. Recent
advancements in CO, monitoring and liquid

culture media have notably enhanced the diag-
nosis of Brucella bacteraemia. These modern
bacteriological techniques boost the sensitivity
of Brucella cultures, decrease the detection
time, and make the diagnostic procedure more
efficient. Automated systems employing these
techniques can process numerous blood culture
bottles, reduce media contamination, and
ensure safe bacterial management.

Despite the conventional practices of extended
incubation and intermittent subculturing, modern
blood culture techniques promise increased sensitivity
and faster detection. If used early in the infection,
these automated techniques can identify acute brucel-
lar infections within a standard one-week incubation
period, negating the need for sub-culturing presumed
negative vials. However, some patients may require
prolonged incubation and terminal subcultures, espe-
cially in long-duration or focused infection cases.

Modern technologies provide quicker results than
traditional culture methods, especially for slow-growing
organisms, such as Mycobacterium tuberculosis.

«  Radiometric detection (BACTEC 460TB system):
This method uses a radiometric approach to
detect CO, produced by the metabolism of the
bacterium. The BACTEC 460TB system is widely
used for rapidly detecting mycobacteria but has
been largely replaced by non-radiometric sys-
tems because of concerns regarding radioactive
waste disposal.

«  Fluorescence and colorimetric methods (e.g.
BACTEC MGIT 960 system): Instead of radiometric
detection, these systems rely on fluorescent or
colorimetric indicators that change in response
to O, consumption or CO, production during
bacterial growth.

«  BacT/alert system: This continuous monitoring
system detects CO, production using colorimet-
ric sensors.

+  Bactec 9000: Similar to the BACTEC 460TB sys-
tem, this system uses fluorescence instead of
radiometry.

« Infrared technology: Some newer systems use
infrared technology to detect CO, production
to indicate bacterial growth.

All these technologies can reduce the time required
for detection compared to traditional culture methods.
The choice of method depends on laboratory require-
ments, available resources and specific applications.
Comparative studies suggest that the automated



Bactec system is more effective for recovering Brucella
in blood cultures, outperforming the isolator microbial
tube in terms of overall susceptibility and detection
time. Nonetheless, further research is essential to com-
prehensively assess the performance of other available
blood culture systems [74]. In conclusion, the appro-
priate diagnosis of brucellosis depends on various
patient- and method-related factors, necessitating a
careful approach to blood culture techniques for opti-
mal Brucella detection and identification. These factors
are summarised in Table 1.

8.3.1.1. Advantages. Patients with acute brucellosis can
detect the causative organism within the standard
seven days incubation period, eliminating the need for
subculture. In many laboratories, automated blood
culture systems (BacT/Alert, BACTEC 9000 series, Vital,
and ESP) for brucellosis have assumed the position of
traditional blood culture systems. These methods
appear to reduce the time (~3 days) required to
identify these organisms in blood and other bodily
fluids. Nucleic acid amplification assays, hybridisation
tests and matrix-assisted laser desorption ionisation-
time of flight mass spectrometry (MALDI-TOF) have
advanced the identification and classification of
Brucella species. These methods provide a rapid,
accurate and safe means of identifying and classifying
recovered Brucella isolates. Blood cultures are more
helpful than serology during disease recurrence
because the latter is already positive at relapse [75].

8.3.1.2. Disadvantages. The sensitivity of blood cultures
differs according to the laboratory protocol used to
obtain the cultures and how actively they are collected.
Fifteen to seventy percent of cases showed a positive
culture rate. MALDI-TOF mass spectrometry technology
offers several advantages, including relatively low cost
per detected bacterium. However, it is worth noting
that this technology is still expensive, which limits its
widespread availability, particularly in countries where

Table 1. Factors affecting brucellosis detection in blood
culture.
Characteristics

Related factors

Microbiological
Patient

Brucella spp. involved.

Age of the patient, systemic (involving
multiple organs) or focal (localised
to specific organs), differentiating
between a first-time infection and a
relapse of a previous infection, prior
or ongoing antibiotic treatment.

Culture technique and specimen Volume and number of specimens, rate

of detection, susceptibility of

culture, period of incubation, and
periodicity of blind subcultures

(subculturing of negative blood

cultures at regular intervals can

help identify slow-growing or
low-level bacterial growth).
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brucellosis is prevalent [75].

8.3.2. Serological assays

In contrast to molecular and culture-based detection
methods, serological diagnostics for brucellosis do not
directly identify the presence of living bacteria or their
DNA sequences in bodily fluids or tissues. Instead, the
serological method relies on an indirect approach of
examining the patient’s immune response for the pres-
ence of antibodies that indicate prior exposure or con-
tact with the Brucella pathogen. It measures the
presence of specific antibodies such as IgM and IgG in
patients’ serums. Detection of these antibodies provides
evidence of previous or ongoing brucellosis infection.
The clinical application of the available serodiagnostic
tests for brucellosis in humans is outlined in Table 2.

8.3.2.1. Advantages. Despite these limitations,
serological tests are crucial for diagnosing human
brucellosis, particularly in endemic countries. Their
cost-effectiveness and simplicity make them preferable
to culture-based or nucleic acid amplification methods,
particularly in resource-limited settings. In high-
prevalence areas, serological testing is an accessible
and practical diagnostic option, contributing to the
timely diagnosis and management of brucellosis cases.
The widespread availability and feasibility of serological
tests bolster screening and surveillance efforts to
ensure early detection and appropriate intervention
[69, 71, 73, 76].

8.3.2.2. Disadvantages. Various factors, such as early
testing, blocking antibodies or the ‘prozone’
phenomenon, can lead to non-detection of brucellosis.
Additives such as EDTA, 2-mercaptoethanol or anti-
human globulin may overcome these issues, but serum
agglutination tests remain unsuitable for follow-up due
to sustained high titers [69, 71, 73, 76].

Analysing serological tests for brucellosis is chal-
lenging due to patient history variations, previous
illnesses and individual immune responses, making
standardised test interpretation difficult. Antibody
detection indicates Brucella exposure and is not nec-
essarily an active or recent infection [69, 71, 73, 76].

Several diagnostic assays have become obsolete
over the years. The intradermal skin test, which cannot
distinguish exposure levels, complicates later serodiag-
nostic tests by inducing antibody production. The
opsonocytophagic index poses infection risks to labo-
ratory workers and offers inconsistent results. Despite
their use in some regions, haemagglutination tests
lack global acceptance owing to these shortcom-
ings [68].
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Table 2. Serodiagnostic assays for the diagnosis of human brucellosis [73, 69, 71, 76, 77].

Diagnostic assay

Principle

Recommended use

Merits

Demerits

Buffered Acidified Plate Antigen Detection of anti-Brucella

Test (BAPAT)

Rose Bengal Plate Test (RBPT)

Milk Ring Test (MRT)

Standard Tube Agglutination
Test (STAT)

2-Mercaptoethanol test

Brucella Coombs Gel Test

Complement Fixation Test (CFT)

Immunocapture agglutination
test (Brucella Capt test;
Vircell, Granada, Spain)

Enzymatic linked immuno
sorbent assay (ELISA)

Immunofluorescence assay (IFA)

Time-resolved fluorescent
resonance energy transfer
(TR-FRET) assay

Fluorescent polarisation
immunoassay (FPA)

Quantum dot (QD)
immunochromatographic
test system

antibodies in sheep serum
samples

Plate agglutination test detects
agglutinating and
non-agglutinating antibodies

Detection of anti-Brucella
antibodies in sheep milk
samples.

Total antibodies against
S-lipopolysaccharide (S-LPS) on
bacterial surfaces detected

Chemical inactivation of the IgM
pentamer’s agglutinating
properties by
2-mercaptoethanol

Expansion of STAT

IgG1 isotype antibody detection
by complement fixation

Detection of IgG, IgM and
non-agglutinating antibodies
to the three smooth
0-polysaccharide-containing
Brucella species in a single
step

The standard method of
sensitising plates is with
cytosolic protein antigens

Antigens prepared from whole-cell
preparations

Based on the transfer of energy
between fluorophores-labelled
antigens and antibodies (a
donor and an acceptor). An
anti-Brucella monoclonal
antibody is labelled with a
donor fluorophore and
Brucella S-LPS

A fluorescent dye (labelled to an
antigen or antibody) can be
excited by polarised light, and
difference in the rotational
velocities is measured

Handheld QD
immunochromatographic strip
equipment

Screening test for
brucellosis diagnosis
in sheep herds

Screening test for
brucellosis diagnosis
in sheep herds

Screening test for
brucellosis diagnosis
in sheep herds.

Safe, popular, especially
in acute cases.

Monitoring the
effectiveness of
antimicrobic
medications in
patients who have
already received a
diagnosis; early
identification of
treatment failure

Sensitive to chronic
infections and
relapses.

Useful for the serological
diagnosis of zoonosis
in obliteration
operations

Confirmatory test, patient
monitoring after
treatment

Test of preference for
complex, focused, and
chronic patients.
Neurobrucellosis and
B. canis infection
diagnosis

High sensitivity as a
screening test for
brucellosis

Quick, cheap and simple

Higher specificity
compared to BAPAT
due to pH inhibition
of non-specific
agglutinins

Easy application and
high-sensitivity

Practical, efficient and
cost-effective

Confirmatory test—
elimination of IgM
confounder

Quick and
straightforward (2h)

Sensitive

Performance is
equivalent to that of
the Coombs test;
however, it is quicker
and simpler to
complete

Compassionate, specific,
rapid (4-6h), simple.
Detects total and
individual specific Igs
(I9G, IgM and IgA)
when other tests are
negative

Quick, accuracy
equivalent to ELISA

Simple to perform, robust Does not require

and has excellent
serodetection ability

Diagnosis of zoonosis in
the dairy sector

Point-of-care test and
preliminary screening.

washing and only a
single 30-minute
incubation time
followed by
fluorescence readout.
They provide
comparable
performance to other
diagnostic methods.
Widely used in animals.

Rarely used in human

infections. Fast and
straightforward
method and
equipment.

Rapid and simple.
Specific, sensitive,
reliable

Lower specificity compared
to other tests due to
non-specific agglutinins

Lower sensitivity compared
to BAPAT

Less sensitive in detecting
antibodies in milk with
low concentrations or
fat clustering factors

They have limitations in
detecting B. canis
infection, leading to
false negatives due to
blocking of antibodies,
cross-reactivity and
non-specific
agglutination.

Toxicity of
2-mercaptoethanol

Labour-intensive and
time-consuming

Due to its technical
difficulty and issues with
its standardisation, it is
not frequently employed
in human infection

Individuals can vary greatly,
and individuals who
have relapsed may have
a one-dilution decrease
in titer.

Expensive and requires
trained personnel

Expensive equipment and
manpower




Table 3. Gene targets and primers are commonly utilised for
the molecular detection of Brucella infection.

Gene Primer Product

target name Primer sequence (5'-3) size (bp) References

omp2 JPF GCGCTCAGGCTGCCGACGCAA 193 [81]
JPR ACCAGCCATTGCGGTCGGTA

omp31 F TGGTAAGGTCAAGTCTGCGTT 281 [82]
R CTTCTTCATTCCGTGTTCGTG

omp28/  26A GCCCCTGACATAACCCGCTT 1029 [83]

bp26 26B GAGCGTGACATTTGCCGATA

16S rRNA F4 TCGAGCGCCCGCAAG GGG 905 [80]
R2 AACCATAGTGTCTCCACTAA

IS711 I TCAATCCAACACGTTCC 52 [84]
12 TCCTTGTACAGCCTCC

bcsp31 B4 TGGCTCGGTTGCCAATATCAA 223 [85]
B5 CGCGCTTGCCTTTCAGGTCTG

8.3.3. Molecular approaches and nucleic acid
amplification tests (NAATs)

The genomic approach is accurate and rapid for
detecting brucellosis in humans and animals, provid-
ing successful results even in ambiguous or asymp-
tomatic cases. However, a positive result does not
always signify an active infection, as it may detect
genetic material from inactive or treated bacteria.
Although sensitive nucleic acid amplification and sero-
logical tests are adequate for identifying brucellosis,
culture remains the gold standard for its widespread
clinical and epidemiological use. Peripheral blood is
optimal for the molecular interpretation of human bru-
cellosis. Other specimens from various systems can aid
in diagnosing focal brucellosis, where cultures may be
negative. Genetic materials from formalin-fixed,
paraffin-embedded tissues can also be evaluated using
established procedures.

Several gene targets have been used to diagnose
Brucella infections. The 16S rRNA gene is a potential
diagnostic target; however, there have been instances
of cross-reactions that might lead to false-positive
results. Thus, the I1S711 insertion sequence is a poten-
tial target. However, its utility has been questioned
because of sequence variations and absence in some
Brucella strains, making it unreliable in certain con-
texts. Moreover, bcsp31 is most frequently used for
diagnosis as it encodes an immunogenic membrane
protein. Its consistent presence and immune response
make it the preferred choice for diagnostic testing
[78-80]. Table 3 shows the amplification of various
genes, including omp2, omp31 and bcsp31, which have
been targeted for molecular diagnosis; however,
cross-reactions and variations in gene sequences may
present challenges.

Real-time PCR assays that are species-specific and
traditional Brucella ladder PCR assays are crucial for
identifying and classifying Brucella species. The
MLVA-16 (multilocus variable number tandem repeat
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analysis) panel, which targets 16 loci, is a reliable tool
for diagnosing human brucellosis. These PCR-based
methods provide specific and sensitive detection of
Brucella and play a crucial role in confirming the pres-
ence of the pathogen and determining the species
involved. Various amplification methodologies have
been employed, including real-time PCR, multiplex
PCR, nested PCR, PCR-enzyme immunoassay (PCR-EIA)
and loop-mediated isothermal amplification (LAMP).
Nested PCR involves using two sets of primers in two
successive runs to boost the specificity and sensitivity
of detection. The PCR-EIA was coupled with an enzyme
immunoassay using a microplate setup to improve
detection sensitivity. LAMP offers advantages such as
simplicity, rapid response time and cost-effectiveness
in limited resource settings.

Although genomic techniques are emerging, con-
ventional methods, such as culture and serology
assays, remain fundamental in diagnosing brucellosis
and related infections by Brucella spp. Sending all
Brucella strains to a reference laboratory for compre-
hensive species-level identification and biovar determi-
nation is essential for proper identification. This is vital
for identifying the infection source, investigating out-
breaks, tracking strains, differentiating isolates and
assessing veterinary control strategies.

Traditional approaches to species differentiation,
while reliable, are time-consuming, labour-intensive
and present infection risks to lab workers. Molecular
methods have emerged as quick and accurate alterna-
tives. A fluorescence in situ hybridisation (FISH) test
targeting the 16S rRNA gene permits the rapid and
specific detection of human-pathogenic Brucella spe-
cies. However, the limited polymorphism within the
Brucellaceae family’'s 16S rRNA gene makes it challeng-
ing to differentiate Brucella from closely related organ-
isms, such as the Ochrobactrum genus.

Novel nucleic acid amplification methods have been
developed to differentiate between Brucella species.
These tests demonstrate high sensitivity and specific-
ity. However, caution should be exercised when inter-
preting the NAAT results, as a positive test does not
always indicate an ongoing infection. Instead, it could
indicate a small number of bacteria present, DNA from
non-viable organisms, or the presence of the patho-
gen in individuals who have already recovered from
the infection [86]. Initially employed on peripheral
blood with satisfactory results, serum samples are now
considered the preferred choice for molecular detec-
tion of human brucellosis because of their higher
effectiveness in yielding accurate diagnoses [87].
Furthermore, it is possible to use formalin-fixed
paraffin-embedded (FFPE) tissue obtained from
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surgical biopsy samples for analysis if validated DNA
extraction methods are employed [88].

Terrestrial Brucella species, including the strains
used in vaccines, can be recognised and distinguished
using the AMOS PCR test. Other PCR-based NAAT
assays have been developed to identify specific Brucella
and marine species rapidly. The Bruce Ladder multi-
plex PCR assay has high reproducibility and is
species-specific. Additionally, five terrestrial Brucella
species can be simultaneously detected using multi-
plex real-time PCR techniques based on single nucleo-
tide polymorphisms (SNPs) [89].

8.3.3.1. Advantages. Compared with bacteriological
isolation, molecular methods offer several advantages
regarding safety, sensitivity and speed. These methods
enable rapid detection and differentiation of various
bacterial species, particularly those with slow growth
rates.

8.3.3.2. Disadvantages. Comparative studies and
standardised commercial molecular methods for brucellosis
detection are limited, and the availability of next-
generation sequencing technologies in low-income
countries is insufficient. According to the OIE Terrestrial
Manual (OIE 2016), no test can positively identify a
bacterium such as Brucella. Integrating multiple techniques,
including culture and serology, is necessary for the
definitive diagnosis of Brucella infection [74].

8.3.4. Important aspects regarding animal diagnosis
A definitive diagnosis of Brucella infection can be
established through the isolation of the bacteria from
tissue samples obtained during autopsy, milk or abor-
tion. The most practical method for diagnosing Brucella
infection is serology, which can be used to screen cat-
tle using the Rose Bengal Test (RBT) and to confirm
infection in specific animals using the enzyme-linked
immunosorbent assay (ELISA) or Complement Fixation
Test (CFT). For surveillance, milk samples can be
screened using the milk ring test or ELISA. However,
no serological test can confirm infection in specific
animals such as sheep, goats and pigs. Serological
testing should be applied on a herd or flock basis, and
the skin test is useful for screening on a herd or flock
level, particularly when immunisation is not used. For
the diagnosis of B. canis infection, a ‘rough-specific’
antigen is required [90].

9. Current treatment methods for brucellosis

Doxycycline and rifampin are commonly used antibiot-
ics for treating brucellosis. They form the basis for treat-
ing all types of human brucellosis. Following suitable

antibiotic therapy, full recovery is expected in acute,
uncomplicated brucellosis. Adults and children over
eight usually take doxycycline, the preferred antibiotic
due to its dosing frequency and fewer gastrointestinal
side effects, orally for six weeks. To minimise the risk of
relapse, aminoglycosides are often added during the
initial 2-3 weeks of therapy [4, 35, 41, 91]. Although
gentamicin shows promise, further research is needed
to establish the optimal dosage and duration. Rifampicin
is another effective alternative. A six-week oral adminis-
tration of both doxycycline and rifampicin showed sim-
ilar efficacy in treating uncomplicated brucellosis.
Fluoroquinolones are considered secondary alternatives
because of their high efficacy (Table 4).

While the WHO-recommended brucellosis treatment
has evolved, the optimal approach remains unclear.

Table 4. Recommendations for treating different cases of
human brucellosis [4, 35, 41, 91].
Case Treatment

First line of
treatment

Uncomplicated
brucellosis:
adults and
children
>8 years

Doxycycline 500mg every six
hours orally for 6 weeks or
2.2mg/kg IV every 12h

Principal alternative Doxycycline (200 mg/day
therapy orally) + rifampicin (600-
900 mg/day orally), with both
drugs administered for
6 weeks. This regimen has
generally been found to be of
similar efficacy to
doxycycline + streptomycin
for patients with
uncomplicated brucellosis

Fluoroquinolones, trimethoprim/

alternative sulfamethoxazole (TMP/SMZ,
therapy co-trimoxazole)

Children <8 years Aminoglycosides, co-trimoxazole and rifampicin. TMP/

SMZ (8/40 mg/kg/day twice daily orally) administered

for 6 weeks + streptomycin (30mg/kg/day once daily

intramuscularly) administered for 3 weeks or
gentamicin (5mg/kg/day once daily intravenously or
intramuscularly) administered for 7-10 days.

Alternatives include TMP/SMZ + rifampicin (15mg/kg/

day orally), each administered for 6 weeks, or

rifampicin + an aminoglycoside

Spondylitis May require prolonged therapy,
such as the continuation of
doxycycline for 8 weeks or more

Since tetracyclines and
aminoglycosides do not
penetrate the blood/brain
barrier well, rifampicin or
co-trimoxazole be added to
the standard regimen of
doxycycline + streptomycin
for a minimum of 6-8 weeks

Doxycycline + aminoglycoside
rapidly kills the bacteria, as
does rifampicin or
co-trimoxazole. Prolonged
therapy is recommended for
at least 8 weeks

Co-trimoxazole has been used in individual cases with
reported success. Another alternative is rifampicin
therapy for at least 45 days

Tetanus toxoid (when indicated) with doxycycline for
6 weeks

Secondary

Complicated
cases of
brucellosis

Neurobrucellosis

Brucella

endocarditis

Pregnancy

Post-exposure
prophylaxis




This review suggests that a combination of doxycy-
cline and aminoglycosides is common for uncompli-
cated brucellosis. Short-term treatment is discouraged
because of the high failure and relapse rates. For com-
plicated cases of spondylitis, neurobrucellosis or endo-
carditis, a prolonged triple therapy regimen involving
streptomycin, gentamicin, doxycycline and rifampicin
is more effective.

In resource-limited areas, various combinations of
oral drugs such as tetracycline/rifampicin, doxycycline/
ofloxacin or ciprofloxacin/rifampicin can be used.
Rifampicin should be used cautiously and never alone
to avoid multidrug-resistant tuberculosis. In children,
co-trimoxazole combined with gentamicin or rifampi-
cin is recommended, and quinolones should be used
cautiously as a monotherapy.

For dogs with B. suis infection, a combination of
rifampicin  and  doxycycline was administered.
Euthanasia should be considered in severe cases to
prevent zoonotic exposure. In B. canis-infected dogs,
dual therapy is recommended despite the high relapse
rates, particularly in males.

In production animals, brucellosis treatment is typi-
cally avoided, and the affected animals are usually
culled. This varied information underscores the com-
plexity of brucellosis treatment and different approaches,
depending on the species affected [4, 35, 41, 91].

Antibiotic choices for brucellosis should consider
factors such as patient details, drug availability and
local resistance patterns. Close monitoring and
follow-up are vital for successful treatment and preven-
tion of relapse [91]. Despite this, treatment failure and
relapse rates in mild brucellosis cases are common
(5-15%), highlighting the need for continuous monitor-
ing and repeated serological testing for one year.

The emergence of multidrug-resistant Brucella strains
in endemic areas worldwide has been linked to improper
antimicrobial use. The use of antibiotics in livestock con-
tributes to this issue, posing a public health risk and
limiting the availability of treatments. Regular antimicro-
bial susceptibility testing is essential for effective brucel-
losis management. Techniques such as microdilution,
E-tests, Kirby Bauer and real-time PCR can help ascer-
tain the minimum inhibitory concentrations (MICs) of
drugs and assess the Brucella resistance profiles [35].

10. Antimicrobial resistance in Brucella

Challenges in managing the disease include the emer-
gence of antibiotic-resistant strains and the need for
continued treatment to avoid recurrence. The chronic
nature of brucellosis, combined with the capacity of
Brucella to reside within host cells and sequester at
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Table 5. Global antibiotic resistance pattern data.

Country Resistance pattern References
Norway Resistant to rifampicin [93]
Iran Resistant to cotrimoxazole [94]
Kazakhstan 48% resistance to [95]
rifampicin
China Resistance to cotrimoxazole [96]
(7.0%) and rifampin
(1.0%)
Peru No resistance [97]
UK No resistance [98]

difficult-to-reach sites, can contribute to treatment
relapse. The relapse rate in uncomplicated cases is
estimated to be 5-15%. The cause of these relapses is
unclear because of the emergence of antimicrobial
resistance (AMR) or the inability to eradicate germs at
the infection sites. However, studies on Brucella MICs
in endemic regions have generally shown that bacteria
remain susceptible to doxycycline and rifampicin,
which are commonly used antibiotics for brucellosis
treatment [65, 70, 92].

Several studies describing potential resistance to
rifampin in brucellosis have been reported, for instance,
from various countries throughout the globe. Rifampicin,
co-trimoxazole (trimethoprim-sulfamethoxazole), ampicillin-
sulbactam and colistin intermediate resistance pheno-
types have also been reported (Table 5).

The application of whole-genome sequencing
(WGS) has enabled a more thorough identification of
genes linked to virulence and resistance in Brucella
strains. Even among strains recovered from various
hosts, there was no discernible variation in AMR distri-
bution and virulence genes between resistant and sen-
sitive B. abortus and B. melitensis strains. Therefore,
additional research on the antibiotic susceptibility of
Brucella isolates is required. Although many microbes
have benefited from research on resistance and viru-
lence mechanisms at the genome level, they have lim-
ited value for Brucella. Future research should examine
virulence mechanisms and resistance at proteomic and
transcriptomic levels in Brucella.

11. B-Carbonic anhydrases (CAs) as potential
targets

Brucella spp. are known to develop resistance to sev-
eral clinically used drugs. Therefore, there is an urgent
need to identify novel treatment strategies targeting
unique bacterial pathways. Brucella genome sequenc-
ing has revealed potential drug targets, and metallo-
enzymes have emerged as promising candidates for
novel treatments [99]. One such metalloprotein, histi-
dine dehydrogenase (HDH), is vital for the intracellular
growth of bacteria.
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Further genomic studies identified two CAs (BR1829
and BRAQ0788 in B. suis) in Brucella. These enzymes,
which are part of the B-class CA family and contain
zinc as a metal ion, resemble B-CAs found in other
pathogens [100, 101]. It has been demonstrated that
the B-CAs of pathogenic microbes can be inhibited
both in vitro and in vivo and, therefore, can be targeted
using small molecular inhibitors. In living organisms,
there are eight distinct classes of CAs: a, B, v, 6, ( n, ©
and 1 [102]. Although humans only have a-CAs, patho-
genic microbes can express multiple classes of CAs,
including a, $ and y, which are present in both pro-
karyotic and eukaryotic organisms. Notably, most CAs
are zinc-dependent and facilitate the conversion of car-
bon dioxide into bicarbonate and protons [103, 104].

B-CAs in Brucella play a role in several vital biosyn-
thetic processes, some of which are critical for intracel-
lular growth and virulence. These B-CAs are emerging
as potential drug targets, offering a new avenue for
developing antibacterial agents that do not share
resistance patterns with existing antibiotics. Their sig-
nificance is further underscored by their essential roles
in the growth and virulence of various intracellular
pathogens. This makes B-CAs a promising target for
Brucella treatment without adverse side effects.

Recent studies have identified multiple inhibitors of
B-CAs in pathogens, such as Neisseria spp., H. pylori, B.
suis, M. tuberculosis, S. pneumoniae and pathogenic
parasites, which effectively hamper their growth in
vitro [100, 105-110] and in vivo [110, 111]. Detailed
studies on Brucella B-CAs have revealed their suscep-
tibility to inhibition by these compounds, from classi-
cal aromatic and heteroaromatic sulfonamides to
carbohydrate-based entities. Specifically, B-CA1 in
Brucella is sensitive to sulfamide, sulfamic acid, phenyl
boronic/arsonic acid, and, to a lesser extent, dieth-
yldithiocarbamate. 3-CA2 shows pronounced inhibi-
tion by several anions [112].

Compounds such as acetazolamide, ethoxzolamide,
topiramate and sulpiride have shown strong inhibitory
effects against Brucella {3-CAs in vitro. Specific
sulfonamide-based carbonic anhydrase inhibitors (CAls)
have been demonstrated to stifle Brucella growth in
cultures [113]. Evidence suggests that targeting Brucella
B-CAs using CAls may represent a promising strategy
for combating brucellosis [112].

12. Vaccination as a strategy for controlling
the spread of brucellosis

Vaccination is a prospective approach for controlling
the spread of brucellosis, particularly in livestock.
Various vaccines have been developed for animals, but

their efficacies vary. However, no human vaccine is
currently available.

Currently, there are no officially approved vaccines
for brucellosis in humans. The absence of accessible
vaccines hampers efforts to manage the disease in
humans [22]. Consequently, controlling animal brucel-
losis is the most efficient approach to preventing
human infection [114]. Since the early 1900s, investiga-
tions and scientific inquiries into creating vaccines for
brucellosis have commenced. The development of bru-
cellosis vaccines involves the development of inacti-
vated, live-attenuated and rough-attenuated vaccines.
Initially, inactivated vaccines were formulated as a pre-
ventive measure against the disease. However, they
were later replaced with more immunologically potent
live attenuated vaccines to control brucellosis [115].
However, current vaccines have certain drawbacks. For
instance, some of these vaccines can potentially induce
human infections and result in abortions in preg-
nant cattle.

Despite these limitations, they remain crucial for
preventing and managing brucellosis and are used
globally [5]. With advancements in molecular tech-
niques, new vaccines based on genetic engineering
have been developed. These innovative vaccines have
replaced conventional vaccines to prevent and control
brucellosis more effectively [116]. The following are
the various types of brucellosis vaccines and their
efficacies.

12.1. Live attenuated vaccines

Immunising animals effectively manages brucellosis,
whereas human vaccines are not available.
Live-attenuated vaccines, considered optimal for con-
trolling animal brucellosis, have drawbacks, such as
antibiotic resistance potential, diagnostic interference
and residual virulence [117]. Widely used vaccines,
such as B. abortus S19 and B. melitensis Rev1, exhibit
these issues, complicating the differentiation between
vaccinated and infected animals [118, 119]. The Brucella
suis S2 vaccine exhibits a favourable immune response
and cross-species protection [120] but has a limited
range of host species [121].

Recent advances have focused on engineered live
attenuated vaccines with deleted virulence genes that
offer enhanced safety and immune responses [122].
For example, the B. melitensis 16M hfq mutant strain
[123] and a mutant of the B. melitensis TcfSR promoter
demonstrated significant protection and no interfer-
ence with serodiagnostic tests [124]. Other potential
vaccines, such as the M5-90AwboA mutant [118] and
6MAwzt, have demonstrated reduced pathogenicity



and improved defence mechanisms, although they
exhibit sensitivity to polymyxin B [125].

The 2308DNodVDNodW rough vaccine from the vir-
ulent B. abortus 2308 strain offers a significant immune
response similar to the B. ovis abcBA (BoabcBA) vaccine
[126] against the B. melitensis strain 16M [127]. Both
ensure effective immunity and minimise diagnostic
issues. Furthermore, the VTRS2 vaccine from B. suis,
despite its sensitivity to polymyxin B [128] and deter-
gents, and the rough mutant strain of B. neotomae
show promising results in immune response and pro-
tection, showing the potential for further vaccine
development in managing brucellosis [129].

12.2. Subunit vaccines

Creating effective vaccines for brucellosis poses a sig-
nificant challenge because of highly virulent strains
and specific tissue preferences. Subunit vaccines show
potential in terms of safety, non-infectious and
non-viable. However, their ability to mimic the replica-
tion of natural infections is limited [130]. Although
subunit vaccines offer the benefit of being safe, they
require multiple booster shots and the use of various
antigens, adjuvants and delivery mechanisms to gen-
erate robust immunity and safeguard against brucello-
sis in cattle. However, this approach may not be
economically feasible because of associated costs [131].

Additionally, it is crucial to recognise that the
immune reactions observed in mice cannot precisely
represent the immune reactions triggered in the hosts
following vaccination. Therefore, further comprehen-
sive research is required to discover recombinant vac-
cines incorporating multiple Brucella  antigens.
Unfortunately, despite numerous efforts, no effective
subunit vaccine has been successfully developed for
brucellosis [132]. Furthermore, multiple studies have
demonstrated that subunit vaccines can generate pro-
tection and immune reactions comparable to those of
attenuated vaccines [133-135]. However, it is essential
to note that contradictory findings have been reported
in other studies in which such equivalence was not
observed [136].

12.3. Vaccines based on nanoparticles

In animal model experiments, nanoparticle-based oral
vaccines incorporating the Brucella vaccine triggered
antibody responses, including IgM, mucosal IgA and
IgG. These vaccines have demonstrated notable advan-
tages in animal studies, such as a more pronounced
Th1-Th17 immune response [137]. However, due to the
potential risk of disease transmission, nanoparticle-based
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vaccines cannot immunise humans against brucellosis
[138]. The main drawbacks of these vaccines include
toxicity, limitations in antigen loading and production,
and suboptimal ability to stimulate the immune system
[139]. The MAN-NP-HS vaccine candidate employs
nanoparticle technology with mannosylation to target
mannose receptors, thereby improving antigen uptake.
This approach stimulates the production of mucosal IgA
antibodies and Th1-Th2 cytokines, including IFN-y,
which promotes cellular immunity. Compared to Rev1,
MAN-NP-HS provides better protection by inducing
more specific IgA responses [140]. A promising vaccine
candidate combines LPS and OPS antigens with PLGA
nanoparticles. This approach aims to offer robust pro-
tection to both humans and animals by stimulating the
production of IgM and IgG antibodies. Although adding
these antigens without any combination is insufficient
for inducing immune responses, their combination with
nanoparticles increases antibody production [141].

12.4. DNA vaccines

DNA-based Brucella vaccines have demonstrated both
safety and efficacy in combating brucellosis. These vac-
cines elicit robust cellular immune responses because
of their ability to express antigens and incorporate
CpG motifs. Additionally, DNA-based vaccines offer the
advantage of simple storage conditions. They contain
crucial gene sequences that play vital roles in the
intracellular survival of Brucella spp. [142]. Extensive
research has yielded compelling evidence for boosting
immune responses and the effectiveness of diverse vir-
ulence genes in animal experiments. DNA vaccines
have the potential to overcome the drawbacks associ-
ated with other brucellosis vaccines, as the vaccination
of animals with various types of DNA vaccines has
demonstrated complete immunisation to virulent
strains [143]. DNA-based vaccines for brucellosis acti-
vate the immune system and promote the activation
of TCD4 and TCD8 helper cells. These vaccines also
lead to elevated levels of protective cytokines such as
IFN-y, TNF-a and IL-12, contributing to the immune
response and defence against the disease [144].
Nevertheless, DNA-based vaccines do not confer
substantial protection compared with live-attenuated
vaccines. Research indicates no notable alterations in
IL-4, IL-10 and IFN-y expression, indicating an immune
response to DNA-based vaccines [140]. The lack of sig-
nificant protection offered by DNA-based vaccines
could be attributed to their inability to effectively
express specific antigens, such as the GroEL-Hsp anti-
gen in the PcDNA3-DNA vaccine. Additionally, the
need to repeatedly boost doses is associated with a
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diminished long-term immune response, which can be
enhanced by incorporating an adjuvant into the vac-
cine formulation [145]. Although DNA-based vaccines
express protective antigens, there may be limitations
in the amount of antigen expression achieved. Ongoing
efforts are being made to address this issue by devel-
oping strategies to prolong the expression of these
genes and to prevent gene silencing over an
extended period.

12.5. Vector vaccines

Live vector-based vaccines using Brucella as a delivery
system have emerged as an effective method for deliv-
ering diverse antigens, whether heterologous or
homologous. These genetically modified vaccines are
formulated to trigger an antigen-specific T-cell immune
response by replicating within host cells and produc-
ing multiple copies of the Brucella antigen [146].
Different viral and bacterial vectors, including
Salmonella, Escherichia coli, Salmonella and Influenza
viruses, can be used to express Brucella proteins.
Salmonella offers advantages such as its inherent adju-
vant effect, potential for single-dose vaccination, abil-
ity to present more than one antigen, and ability to
penetrate natural barriers. However, it is essential to
note that multiple Salmonella infections can lead to
exacerbated disease outcomes in affected animals,
potentially resulting in miscarriages and reduced pro-
ductivity [147].

To address the absence of pre-existing immunity to
the H5N1 influenza virus in humans, researchers have
developed influenza viral vectors (IVVs) [148]. Lactic acid
bacteria-based mucosal vaccines have demonstrated
protective responses against various challenges.
Nonetheless, these vaccines have the drawback of
potentially disseminating genetically modified organisms
with markers for drug resistance in both the host micro-
biota and the surrounding environment [149]. However,
adenovirus-based vaccines have certain drawbacks,
including substantial periods of temporary transgene
expression, pre-existing immunity and high immunoge-
nicity [150]. Several studies have assessed the potential
of recombinant viral vector vaccines in formulating a
potent human vaccine to combat human brucellosis
infections. One study specifically examined an IVV of the
H5N1 subtype that expressed Brucella Omp16, L7/L12,
Omp19 and Cu-Zn SOD immunodominant proteins. The
vaccine demonstrated significant protective effects when
administered via intranasal and sublingual routes, com-
parable to the B. melitensis Rev1 vaccine [151].

Other studies have demonstrated that recombinant
influenza A viruses of subtypes H5N1 and HIN1 can

stimulate Th1 CD4+ and CD8+ T-cell immune responses,
leading to effective protection against challenges [152].
Probiotics, such as L. casei, have been explored as vec-
tors for strong immune responses and provide a high
level of protection, similar to the IRIBA Strain Vac Calf
vaccine. Releasing cytokines such as IFN-y, IL.-2 and IL-4
plays a crucial role in mediating cell-mediated immune
responses. Mucosal vaccination using L. casei or L. lactis
vector vaccines represents a potential vaccine delivery
approach, with the advantage of reduced risk of elicit-
ing immunological tolerance compared to persistent
strains [153].

12.6. Recombinant peptides as a brucellosis vaccine

The use of recombinant peptides as brucellosis vac-
cines is a promising approach in the field of brucello-
sis prevention and control. Traditional vaccines like the
Rev-1 vaccine have limitations, including the risk of
abortion in pregnant animals and interference with
diagnostic tests. In contrast, recombinant peptides
offer safer and more targeted alternatives [154].

Research has demonstrated that recombinant pep-
tides, such as rBtuB-Hia-FIgK, can stimulate specific
immune responses, particularly Th1 and Th2 responses,
which are crucial for combating Brucella infection.
These peptides can promote the proliferation of CD4+
and CD8+ T cells and the production of key cytokines,
including IFN-y, TNF-a and IL-2, which play central
roles in immune defence against Brucella [155].

One significant advantage of recombinant peptides
is their ability to trigger an immune response similar
to attenuated vaccines but without associated risks.
This makes them a safer option for preventing brucel-
losis in livestock, such as goats, and potentially, in
humans. Additionally, recombinant peptides can target
specific Brucella species, enhancing vaccine specificity
[155]. In conclusion, the development and use of
recombinant peptides as brucellosis vaccines hold
promise for overcoming the limitations of traditional
vaccines, providing a safer and more effective means
of preventing this zoonotic disease. Further research
and development in this area could potentially lead to
improved strategies for brucellosis control, benefiting
both animal and human health.

13. Continued research and collaboration

Continued research and collaboration are essential for
devising effective strategies to control and prevent
brucellosis. The coordinated efforts of public health
officials, healthcare providers and veterinary experts
are vital to enhance diagnosis, treatment and



prevention. They conduct thorough surveillance, mon-
itoring and public awareness campaigns, emphasising
the One Health approach, vaccination programs and
biosecurity measures for livestock. During outbreaks,
timely control measures such as animal quarantine
and movement restrictions are crucial.

Healthcare providers play a significant role in diag-
nosing and treating infections early, implementing tar-
geted screening and preventive measures, and
educating patients about associated risks and preven-
tion [156]. Veterinary experts focus on surveillance,
early detection and implementation of animal disease
control strategies. They also contribute to wildlife man-
agement efforts to minimise the brucellosis spillover
between wildlife and livestock. Their active involve-
ment in research, collaboration and the one-health
approach plays a substantial role in brucellosis control
and prevention [157].

Recommendations for controlling and preventing
brucellosis include enhanced food safety regulations,
hygiene practices and surveillance systems. Improved
awareness and education for healthcare providers and
the public are also imperative [158]. Assessing the cur-
rent disease burden involves timely detection and
obtaining precise data regarding potential carriers.
Effective monitoring and control at the national level
require collaboration between different governmental
ministries and agencies [159].

The societal and economic impacts of zoonoses can
be assessed using parameters such as disability-adjusted
life years (DALY) for a comparative evaluation of the dis-
ease burden and for facilitating informed decision-making
regarding brucellosis management programs [160, 161].
Historical instances of quarantine due to brucellosis, such
as the exposure of British soldiers to Brucella-contaminated
milk, highlight the importance of addressing the occur-
rence and transmission to eradicate the etiology through
guarantine and elimination of infected animals [162].

Measures to reduce the risk of brucellosis transmis-
sion through milk and dairy products include compre-
hensive thermal cooking before consumption and
enhancing the safety standards of dairy supply chains.
Workers exposed to Brucella, such as veterinarians, lab-
oratory workers and those handling infected animals,
must be equipped with appropriate protective equip-
ment and training [163].

Although no approved human vaccine targeting
Brucella exists, the management of human brucellosis
has relied on controlling animal brucellosis through
vaccination. Despite some drawbacks, ongoing research
on developing novel vaccines using innovative
approaches, such as vector-based, recombinant and
subunit vaccines, shows promise. Continued efforts in

ANNALS OF MEDICINE €) 17
these areas could potentially aid in developing a
human Brucella vaccine, further strengthening the
fight against brucellosis.

14. Control and prevention of the spread of
brucellosis

Controlling and preventing brucellosis involve enhanc-
ing food safety, hygiene and surveillance and increas-
ing public and healthcare provider awareness. Despite
efforts by the International Task Force for Disease
Eradication in 1993, eradication has been hampered
by inadequate facilities and resources. CDC follows the
Dahlem Workshop guidelines for eradicating infectious
diseases, focusing on thorough disease assessment
and management [164].

Timely and accurate data on symptomatic or asymp-
tomatic animal carriers are vital for assessing disease
burden. Governmental collaboration aids in effective
monitoring and control of outbreaks. Delays in disease
reporting exacerbate this problem, increasing societal
and economic impacts measured using the DALY
parameter [165, 166].

Historical instances, such as the British services’ bru-
cellosis quarantine in 1906, highlight the significance
of a quick response in reducing the spread of the dis-
ease [167, 168]. Addressing both occurrence and trans-
mission is of paramount importance. Despite the
human role in disease spread among wildlife, interna-
tional agreements, such as the Biological Weapons
Convention of 1972, have helped in managing
bioterrorism-related outbreaks [169].

Disease transmission mainly occurs through con-
suming raw or undercooked meat and unpasteurised
dairy products, necessitating comprehensive preven-
tive measures throughout the dairy and meat supply
chain. Despite the resilience of Brucella species to var-
ious food-processing conditions, ensuring that all
products undergo thorough cooking before consump-
tion is vital [6, 170].

The WHO classifies Brucella in risk group 3, highlight-
ing the significant risk for individuals such as veterinar-
ians, laboratory workers and butchers, who frequently
handle these bacteria and underscore the need for
proper protective equipment and training [3, 6].

Currently, there is no FDA-approved human vaccine for
Brucella, although China uses two live-attenuated vaccines
targeting Brucella melitensis and Brucella suis strains, with
limited international approval [6, 171]. Control of human
brucellosis predominantly relies on animal vaccination
[114, 172]. Despite its effectiveness, concerns over vacci-
nation include potential abortion in animals, virulence
towards humans, and the emergence of antibiotic-resistant
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strains. Ongoing research exploring novel vaccines using
advanced methods holds promise for more effective and
globally accepted Brucella vaccines. These vaccines use
cutting-edge approaches such as reverse vaccinology,
novel additives, structural vaccinology and generalised
modules for membrane antigens (GMMA) [173]. These
approaches can potentially shed light on developing a
human Brucella vaccine.

15. Conclusions

In conclusion, understanding the biological aspects of a
disease is pivotal for its effective management, including
tailored therapies and early detection. While ongoing
research on disease mechanisms informs vaccine develop-
ment, the extensive time required underscores the impor-
tance of continued drug discovery. Rapid growth in
multi-omics and bioinformatics has significantly aided
patient profiling and potential drug targeting, bolstering
novel drugs and vaccine development [172, 174].

The cross-sector collaboration marks a significant
step towards a comprehensive control program, neces-
sitating community-wide active participation and
endorsement. A multidisciplinary approach allows for
transparent data exchange and implementation of an
empirical surveillance model for accurate brucellosis
tracking [175]. Addressing the gap between socioeco-
nomic challenges and research priorities involves prior-
itising funding for infrastructure and human resources.
International collaboration is vital, as seen in the World
Bank's recent $82 million grant to India for zoonosis
and endemic disease prevention [176]. This collective
effort is essential for effectively managing and con-
trolling zoonoses globally.
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