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A B S T R A C T

Brucellosis, especially caused by Brucella melitensis, remains one of the most common

zoonotic diseases worldwide with more than 500,000 human cases reported annually. The

bacterial pathogen is classified by the CDC as a category (B) pathogen that has potential for

development as a bio-weapon. Brucella spp. are considered as the most common

laboratory-acquired pathogens. The geographical distribution of brucellosis is constantly

changing with new foci emerging or re-emerging. The disease occurs worldwide in both

animals and humans, except in those countries where bovine brucellosis has been

eradicated. The worldwide economic losses due to brucellosis are extensive not only in

animal production but also in human health. Although a number of successful vaccines are

being used for immunization of animals, no satisfactory vaccine against human brucellosis

is available. When the incidence of brucellosis is controlled in the animal reservoirs, there

is a corresponding and significant decline in the incidence in humans.

� 2009 Elsevier B.V. All rights reserved.
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1. Introduction and historical perspective

Brucellosis is an ancient disease that can possibly be
traced back to the 5th plague of Egypt around 1600 BC.
responding author. Tel.: +1 540 231 7171; fax: +1 540 231 342.
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Recent examination of the ancient Egyptian bones, dating
to around 750 BC, showed evidence of sacroiliitis and other
osteoarticular lesions, common complications of brucel-
losis (Pappas and Papadimitriou, 2007). David Bruce
isolated Brucella melitensis (Micrococcus melitensis at that
time) in 1887 from the spleen of a British soldier who died
from a febrile illness (Malta fever) common among
military personnel stationed on Malta. For almost 20 years
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after isolation of M. melitensis, Malta fever remained a
mystery and was thought to be a vector-borne disease until
Themistocles Zammit accidentally demonstrated the
zoonotic nature of the disease in 1905 by isolating B.

melitensis from goat’s milk. It was believed that goats were
not the source of infection since they did not become ill
when inoculated with Brucella cultures. The discovery that
healthy goats could be carriers of the disease has been
termed one of the greatest advances ever made in the
study of epidemiology (Sriranganathan et al., 2009; Wyatt,
2005). In 1897, a Danish veterinarian, L.F. Benhard Bang,
discovered Bang’s bacillus or bacillus of cattle abortion (B.

abortus) to be the causative agent of Bang’s disease. Alice
Evans, an American scientist who did landmark work on
pathogenic bacteria in dairy products, confirmed the
relationship between Bang’s disease and Malta fever and
renamed the genus Brucella to honor David Bruce. Her
work on Brucella was central in gaining acceptance of the
pasteurization process to prevent human brucellosis in
USA. The discovery of the Brucella in marine mammals in
early 1990 has changed the concept of a land-based
distribution of brucellosis and associated control measures
(Sriranganathan et al., 2009).

2. The etiologic agents

Brucella spp. are facultative intracellular gram-negative
cocco-bacilli, non-spore-forming and non-capsulated.
Although Brucella spp. are described as non-motile, they
carry all the genes except the chemotactic system,
necessary to assemble a functional flagellum (Fretin
et al., 2005). They belong to the alpha-2 subdivision of
the Proteobacteria, along with Ochrobactrum, Rhizobium,
Rhodobacter, Agrobacterium, Bartonella, and Rickettsia

(Yanagi and Yamasato, 1993). Nine Brucella species are
currently recognized, seven of them that affect terrestrial
animals are: B. abortus, B. melitensis, B. suis, B. ovis, B. canis,
B. neotomae, and B. microti (Scholz et al., 2008; Verger et al.,
1987) and two that affect marine mammals are: B. ceti and
B. pinnipedialis (Foster et al., 2007). The first three species
are called classical Brucella and within these species, seven
biovars are recognized for B. abortus, three for B. melitensis

and five for B. suis. The remaining species have not been
differentiated into biovars. The strains of brucellae were
named based on the host animal preferentially infected
(Verger et al., 1987).

Ten genome sequences representing five species of
Brucella (B. melitensis, B. suis, B. abortus, B. ovis, and B. canis)
are available and about 25 additional Brucella strains/
species are being sequenced (D. O’Callaghan, personal
communication). The genomes of the members of Brucella

are very similar in size and gene makeup (Sriranganathan
et al., 2009). Each species within the genus has an average
genome size of approximately 3.29 Mb and consists of two
circular chromosomes, Chromosome I, is approximately on
average 2.11 Mb and Chromosome II is approximately
1.18 Mb. The G + C content of all Brucella genomes is 57.2%
for Chromosome I and 57.3% for Chromosome II (DelVec-
chio et al., 2002; Halling et al., 2005; Paulsen et al., 2002).
Based on a comparison of 10 published Brucella genomes,
what is striking are the shared anomalous regions found in
both chromosomes consistent with horizontal gene
transfer in spite of a predominantly intracellular life style
(Wattam et al., 2009). The brucellae have no classic
virulence genes encoding capsules, plasmids, pili or
exotoxins and compared to other bacterial pathogen
relatively little is known about the factors contributing
to the persistence in the host and multiplication within
phagocytic cells. Also, many aspects of interaction between
Brucella and its host remain unclear (Seleem et al., 2008).

3. Global distribution and economic impact

The geographical distribution of brucellosis is con-
stantly changing, with new foci emerging or re-emerging.
The epidemiology of human brucellosis has drastically
changed over the past few years because of various
sanitary, socioeconomic, and political reasons, together
with increased international travel. New foci of human
brucellosis have emerged, particularly in central Asia,
while the situation in certain countries of the Middle East
is rapidly worsening (Pappas et al., 2006b). The disease
occurs world wide, except in those countries where bovine
brucellosis (B. abortus) has been eradicated. This is defined
as the absence of any reported cases for at least five years.
These countries include Australia, Canada, Cyprus, Den-
mark, Finland, The Netherlands, New Zealand, Norway,
Sweden and the United Kingdom. The Mediterranean
Countries of Europe, northern and eastern Africa, Near East
countries, India, Central Asia, Mexico and Central and
South America are still not brucellosis free. While B.

melitensis has never been detected in some countries, there
are no reliable reports that it has ever been eradicated from
small ruminants in any country (Robinson, 2003).
Although in most countries brucellosis is a nationally
notifiable disease and reportable to the local health
authority, it is under reported and official numbers
constitute only a fraction of true incidence of the disease.
Thus the true incidence of human brucellosis is unknown
and the estimated burden of the disease varies widely,
from <0.03 to >160 per 100,000 population (Pappas et al.,
2006b; Taleski et al., 2002). Although estimates of the costs
associated with brucellosis infections remain limited to
specific countries, all data suggest that worldwide
economic losses due to brucellosis are extensive not only
in animal production (reduced milk, abortion and delayed
conception), but also in public health (cost of treatment
and productivity loss). For example, official estimates put
annual losses due to bovine brucellosis in Latin America at
approximately $600 million. Although brucellosis eradica-
tion programs can be very expensive, they are estimated to
save $7 for each $1 spent on eradication. The USA national
brucellosis eradication program, while costing $3.5 billion
between 1934 and 1997, the cost of reduced milk
production and abortion in 1952 alone was $400 million
(Acha et al., 2003; Sriranganathan et al., 2009).

4. Zoonoses

Five out of the nine known Brucella species can infect
humans and the most pathogenic and invasive species for
human is B. melitensis, followed in descending order by B.
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suis, B. abortus and B. canis (Acha et al., 2003). The zoonotic
nature of the marine brucellae (B. ceti) has been
documented (Brew et al., 1999; McDonald et al., 2006;
Sohn et al., 2003). B. melitensis, B. suis and B. abortus are
listed as potential bio-weapons by the Centers for Disease
Control and Prevention in the USA. This is due to the highly
infectious nature of all three species, as they can be readily
aerosolized. Moreover, an outbreak of brucellosis would be
difficult to detect because the initial symptoms are easily
confused with those of influenza (Chain et al., 2005). In
places where brucellosis is endemic, humans can get
infected via contact with infected animals or consumption
of their products, mostly milk and milk products especially
cheese made from unpasteurized milk of sheep and goats
and rennet from infected lambs and kids. Some specific
occupational groups including farm workers, veterinar-
ians, ranchers, and meat-packing employees are consid-
ered at higher risk (Tabak et al., 2008). B. abortus and B. suis

infections usually affect occupational groups, while B.

melitensis infections occur more frequently than the other
Brucella species in the general population (Acha et al.,
2003; De Massis et al., 2005). Consumption of sheep or goat
milk containing B. melitensis is an important source of
human brucellosis worldwide and has caused several
outbreaks. For example; in some countries including Italy,
99% of human brucellosis is caused by B. melitensis (De
Massis et al., 2005; Wallach et al., 1997). The prevalence of
human brucellosis acquired from dairy products in some
countries is seasonal, reaching a peak usually after kidding
and lambing (Dahouk et al., 2007).

Because person-to-person transmission rarely occurs,
infected persons do not pose a threat to their surround-
ings; consequently, eradication of the disease from the
natural animal reservoirs leads to a dramatic decrease in
the incidence of human infection. For example, in the
United States the national bovine brucellosis eradication
program has resulted in the number of reported human
cases dropping from 6321 in 1947 to about 100 per year by
1998; most of the cases were acquired overseas or due to
consumption of infected milk products from Mexico (Cook
et al., 2002). In Denmark, where some 500 cases per year
reported between 1931 and 1939, human brucellosis had
disappeared by 1962 as a result of eradication of
brucellosis in cattle (Acha et al., 2003). In France with
the introduction of brucellosis eradication program more
than 800 cases of human brucellosis were reported in
1976, declining to 405 cases in 1983, 125 cases in 1990,
and 44 cases in 2000 (Pappas et al., 2006b). In countries
where milk and dairy products are always pasteurized
before consumption, brucellosis principally affect persons
who are in close contact with animals and animal products.
Although Brucella is considered highly infectious when
encountered via the respiratory route (e.g. 10 bacteria
required for infection in mice), inhalation of Brucella is not
a common route of infection, but it can be a significant
hazard for people in certain occupations, such as those
people working in laboratories or abattoirs. In fact, Brucella

spp. are considered as the most common laboratory-
acquired pathogens, and they are estimated to account for
up to 2% of all laboratory-associated infections (Mense
et al., 2001; Olle-Goig and Canela-Soler, 1987; Robichaud
et al., 2004). A Spanish survey conducted in 1999 showed
that 11.9% of the 628 surveyed clinical microbiology
laboratory workers had suffered from laboratory-acquired
brucellosis (Bouza et al., 2005).

5. Human brucellosis

One of the best descriptions of human brucellosis
before discovery of antibiotics was ‘‘the disease rarely kills
anybody, but it often makes a patient wish he were dead’’
(TIME magazine 1943). The incubation period of brucel-
losis normally is 1–3 weeks, but it can be several months
before showing signs of infection. B. melitensis is associated
with acute infection whereas the infections with other
species are usually subacute and prolonged (Mantur et al.,
2007). Most common symptoms of brucellosis include
undulant fever in which the temperature can vary from
37 8C in the morning to 40 8C in the afternoon; night
sweats with peculiar odor, chills and weakness. Common
symptoms also include malaise, insomnia, anorexia,
headache, arthralgia, constipation, sexual impotence,
nervousness and depression (Acha et al., 2003). Human
brucellosis is also known for complications and involve-
ment of internal organs and its symptoms can be very
diverse depending on the site of infection and include
encephalitis, meningitis, spondylitis, arthritis, endocardi-
tis, orchitis, and prostatitis (Acha et al., 2003). Spontaneous
abortions, mostly in the first and second trimesters of
pregnancy, are seen in pregnant women infected with
Brucella (Khan et al., 2001). Although rare complication,
Brucella endocarditis (<2% of cases) is most commonly
associated with B. melitensis infection and is the most
severe complication. It accounts for at least 80% of deaths
due to brucellosis (Peery and Belter, 1960; Reguera et al.,
2003). Lack of appropriate therapy during the acute phase
may result in localization of brucellae in various tissues
and organs and lead to subacute or chronic disease that is
very hard to treat (Young, 1995). Symptoms and signs of
brucellosis usually referred as fever of unknown origin can
be confused with other diseases including enteric fever,
malaria, rheumatic fever, tuberculosis, cholecystitis,
thrombophlebitis, fungal infection, autoimmune disease
and tumors (Mantur et al., 2007). Live animal vaccines B.

melitensis Rev. 1 and B. abortus strain 19 are known to
cause disease in humans. The course of the disease with
vaccine strains is usually shorter and more benign (Acha
et al., 2003). Direct person-to-person spread of brucellosis
is extremely rare. Mothers who are breast-feeding may
transmit the infection to their infants and sexual transmis-
sion has also been reported (Arroyo Carrera et al., 2006;
Kato et al., 2007).

6. Animal brucellosis

In livestock species (cattle, sheep, goats, swine, and
camel), the most frequent clinical sign following infection
with Brucella is abortion (Acha et al., 2003). The principal
strain that infects cattle is B. abortus, cattle can also become
transiently infected by B. suis and more commonly by B.

melitensis when they share pasture or facilities with infected
pigs, goats and sheep. B. melitensis and B. suis can be
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transmitted by cow’s milk and cause a serious public health
threat (Acha et al., 2003; Ewalt et al., 1997; Kahler, 2000).

The main symptoms in pregnant females is abortion
(premature or full term birth of dead or weak calves)
usually in the second half of gestation with retention of
placenta and metritis (Acha et al., 2003). There is an
estimated 25% reduction in milk production in infected
cows (Acha et al., 2003). The brucellae localize in the
supra-mammary lymph nodes and mammary glands of
80% of the infected animals and thus continue to secrete
the pathogen in milk throughout their lives (Hamdy and
Amin, 2002). Most infected cows abort only once although
the placenta will be heavily infected at subsequent
apparently normal calvings (Morgan, 1969).

The main etiologic agent of brucellosis in goats is B.

melitensis. In certain countries like Brazil where there is no
B. melitensis, goats can get infected with B. abortus

(Lilenbaum et al., 2007). As in cattle, brucellosis in goats
is characterized by late abortion, stillbirths, decreased
fertility and low milk production (Lilenbaum et al., 2007).

Sheep brucellosis can be divided into classical brucel-
losis and ram epididymitis. Ram epididymitis is caused by
non-zoonotic agent B. ovis, while classical brucellosis is
caused by B. melitensis and constitutes a major public
health threat equal to goat brucellosis (Acha et al., 2003).
Besides the abortion, swine may also develop orchitis,
lameness, hind limb paralysis, or spondylitis; occasionally,
metritis or abscesses (Glynn and Lynn, 2008).

Camels can be infected by B. abortus and B. melitensis

when they are pastured together with infected sheep,
goats and cattle. Milk from infected camels represent a
major source of infection that is underestimated in the
Middle East (Musa et al., 2008).

The main etiologic agent for dog brucellosis is B. canis,
but sporadic cases of brucellosis in dogs caused by B.

abortus, B. suis and B. melitensis have been reported (Acha
et al., 2003).

Dogs infected with B. canis may have reproductive
related conditions (abortions during the last third of a
pregnancy, stillbirths, or conception failures) and/or non-
reproductive tract related conditions (including ocular,
musculoskeletal, or dermatologic lesions) (Acha et al.,
2003; Wanke, 2004). Humans are susceptible to B. canis,
although less than classic brucellae, several cases have
reported in the US, Mexico, Brazil, and Argentina (Acha
et al., 2003).

7. Diagnosis

Human brucellosis presents a great variety of clinical
manifestations making it difficult to diagnose clinically. In
some endemic areas every case of human fever of
unknown origin is assumed to be due to brucellosis.
Therefore, the diagnosis must be confirmed by laboratory
tests. Accurate and fast diagnosis of human brucellosis is
very important as delay or misdiagnosis usually results in
treatment failures, relapses, chronic courses, focal com-
plications, and a high case-fatality rate (Dahouk et al.,
2007).

A detailed case history is very important for diagnosis
especially in non-endemic areas to rule out travel-
associated brucellosis or consumption of contaminated
milk products imported from endemic areas. Isolation of
Brucella from blood, bone marrow, lymph nodes or
cerebrospinal fluids remains the gold-standard for diag-
nosis of brucellosis in humans, yet culture cannot
practically be used as a screening test. Despite its high
specificity, Brucella culture has several drawbacks such as
slow growth and poor sensitivity. The low sensitivity for
isolation is dependent on many factors including; the
individual laboratory practices, quantity of pathogen in
clinical samples, stage of infection, use of antibiotics before
diagnoses, the methods used for culturing and the cultured
strain (B. melitensis is more readily cultured from clinical
sample than B. abortus). The sensitivity of detection varies
from 15% to 70% of acutely infected patients and is even
lower in chronically infected patients. Recently, higher
rates of positive blood cultures (91% in acute brucellosis
and 74% in chronic brucellosis) have been reported by lysis
centrifugation technique (Acha et al., 2003; Glynn and
Lynn, 2008; Mantur and Mangalgi, 2004).

Serological tests for antibody detection that measure
the ability of serum to agglutinate a standardized amount
of killed B. abortus reflect the presence of antibody against
O-side chain (derived from lipopolysaccharide). Brucella

specific IgM appearing at the end of the first week of the
disease followed by IgG are still the most common and
useful measures for the laboratory diagnosis of brucellosis,
also they are faster and reduce risk of laboratory-acquired
infections due to handling Brucella culture (Mantur et al.,
2007). These agglutinations tests, however, are not useful
for diagnosis of infection caused by B. canis (a naturally O-
side chain deficient strain). Serum agglutination test
referred as the standard tube Brucella agglutination test
(STT) is commonly used for diagnoses of acute brucellosis.
However 2-mercaptoethanol (2ME) and complement
fixation tests (CFTs) are used for chronic brucellosis,
where active infection continues even though agglutina-
tion titers return to low levels (Acha et al., 2003). The 2ME
test is performed identically to the STT test except for the
addition of 2ME that disrupts disulfide bonds, making
immunoglobulin M antibodies inactive and permitting
only Brucella agglutination by immunoglobulin G resistant
to 2ME disruption. This inactivation characteristic of the
2ME is very useful in predicting the recovery from
brucellosis and determining adequacy of the antibiotic
therapy (Buchanan and Faber, 1980). Other useful tests for
diagnosis of human brucellosis are the Rose Bengal test
(RBT), counterimmunoelectrophoresis (CIEP), Coombs test,
immunocapture agglutination test (Brucellacapt), latex
agglutination, the indirect enzyme-linked immunosorbent
assay (ELISA) (Acha et al., 2003; Orduna et al., 2000).
Molecular diagnosis of human brucellosis using polymer-
ase chain reaction (PCR) based assays has been proposed as
a useful and more sensitive tool but has not been validated
for standard laboratory use (Kattar et al., 2007). Immuno-
logical testing for brucellosis among livestock is usually
conducted as a component of the disease eradication and
surveillance program rather than as diagnostic support
and each country has a different policy for testing
livestock. In USA the two primary methods of testing of
brucellosis in cattle are: the Brucella ring test (detect
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antibody in pooled milk samples from dairy herds) and the
market cattle identification blood test (to test serum
antibodies in blood samples) (Glynn and Lynn, 2008). No
serological test has been shown to be reliable in routine
diagnosis of swine brucellosis. For the identification of
infected herds, the buffered Brucella antigen tests (BBAT),
i.e. the buffered plate agglutination test and Rose Bengal
plate agglutination test are more reliable in practice than
other tests. While in the diagnosis of ovine and caprine
brucellosis the Rose Bengal plate agglutination, CF and
indirect ELISA tests are usually recommended for screen-
ing flocks and individual animals (Robinson, 2003).

8. Treatment

Due to intracellular localization of Brucella and its
ability to adapt to the environmental conditions encoun-
tered in its replicative niche e.g. macrophage (Seleem et al.,
2008), treatment failure and relapse rates are high and
depend on the drug combination and patient compliance.
The optimal treatment for brucellosis is a combination
regimen using two antibiotics since monotherapies with
single antibiotics have been associated with high relapse
rates (Pappas et al., 2005, 2006a; Seleem et al., 2009; Solera
et al., 1997). The combination of doxycycline with
streptomycin (DS) is currently the best therapeutic option
with less side effects and less relapses, especially in cases
of acute and localized forms of brucellosis (Alp et al., 2006;
Ariza et al., 1992; Ersoy et al., 2005; Falagas and Bliziotis,
2006; Seleem et al., 2009; Solera et al., 1995). Neither
streptomycin nor doxycycline alone can prevent multi-
plication of intracellular brucellae (Shasha et al., 1994).
Although the DS regimen is considered as the gold-
standard treatment, it is less practical because the
streptomycin must be administered parenterally for 3
weeks. A combination of doxycycline treatment (6 weeks
duration) with parenterally administered gentamicin
(5 mg/kg) for 7 days is considered an acceptable alternate
regimen (Glynn and Lynn, 2008). Although DS combina-
tions had been considered by the WHO to be the standard
therapy against brucellosis for years, in 1986 the Joint FAO/
WHO Expert Committee on Brucellosis changed their
recommendations for treatment of adult acute brucellosis
to rifampicin (600–900 mg/day orally) plus doxycycline
(200 mg/day orally) DR for 6 weeks as the regimen of
choice. However, the studies that compared the effective-
ness of DR regimen with the traditional DS combination
concluded that DR regimen is less effective than the DS
regimen especially in patients with acute brucellosis
(Solera et al., 1995).

9. Vaccines

Beside the public health concern of such an important
zoonosis, Brucella infections in animals have an important
economic impact especially in developing countries as
they cause abortion in the pregnant animals, reduce milk
production and cause infertility. In regions with high
prevalence of the disease, the only way of controlling and
eradicating this zoonosis is by vaccination of all suscep-
tible hosts and elimination of infected animals (Briones
et al., 2001). The most commonly used vaccines against
bovine brucellosis are B. abortus strain 19 and the recently
USDA approved strain RB51; the latter unlike strain 19
does not interfere with serological diagnoses (Moriyon
et al., 2004). The use of B. abortus strain 19 vaccine leads to
the production of antibodies whose persistence depends
mainly on the age of the animals at the time of vaccination.
Based on test and slaughter coupled with control by
vaccination, for a policy of eradication to be successful,
there must be rigid control of the age at which strain 19
vaccination is allowed (Morgan, 1969). B. melitensis strain
Rev1 although highly infectious to human, is considered as
the best vaccine available for the control of ovine and
caprine brucellosis, especially when administrated at the
standard dose by the conjunctival route. However, the
Rev1 vaccine shows a considerable degree of virulence and
induces abortions when administered during pregnancy.
Also, the antibody response to vaccination cannot be
differentiated from the one observed after field infection,
which impedes control programs. Attempts have been
made to develop new live attenuated rough B. melitensis

vaccines, which are devoid of the O-side chain. Those
vaccines await further evaluation in field experiments
(Adone et al., 2008; Blasco, 1997; Garin-Bastuji et al.,
1998). Vaccination alone will not eradicate Brucella as the
immunity produced by Brucella vaccines are not absolute
and can be circumvented by increasing the level of
infection. It is obvious, therefore, that a policy of
vaccination is more likely to succeed if combined with
good measures of husbandry (Morgan, 1969).

Live human vaccines B. abortus strain 19-BA and strain
104M are being used only in the former Soviet Union and
China, respectively (Acha et al., 2003).

10. Perspective

It is somewhat paradoxical that brucellosis can be
considered a re-emerging zoonosis affecting many
animals and people throughout the world. The paradox
lies in the fact that cost effective control measures for
controlling brucellosis are known, yet there is either a
lack of funds and/or political ‘‘know how’’ to implement
the measures in many countries. Controlling animal
brucellosis in developing countries requires a consider-
able effort to build infrastructure that educates people
about the risks of brucellosis; provides proper laboratory
facilities and trained personnel to collect and test
samples; record keeping and active surveillance pro-
grams. Moreover, when the incidence of brucellosis is
controlled in the animal reservoirs, there is a correspond-
ing and significant decline in the incidence in humans.
From the long and successful efforts in developed
countries that were able to control bovine brucellosis
and had dramatic decrease in the incidence of human
infection, one can conclude that eradication of brucellosis
can be accomplished only when all the concerned parties
get involved in finding a solution. Unless there is a strong
political support for the proper indemnification of the
farmer for the loss due to removal of infected animals, it
is almost impossible to control this important zoonosis.
The farmers, milk and milk products industry, breeding
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companies, consumers and the politicians must work
together and find a practical eradication effort that is
suitable for each country.
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