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Abstract
Brucellosis is the most common worldwide zoonosis with 500,000 new cases every year in humans and infections in 
millions of animals. This infection is mainly acquired by humans through consumption of unpasteurized milk and milk 
products from infected animals. Exposure can also occur occupationally in those who work closely with animals through 
contact with aborted fetuses and reproductive secretions. Animals acquire the infection from other infected animals through 
direct contact and vertical transmission. This infection is prevalent in all continents of the world except Antarctica, but its 
impact is more felt in developing countries where it is endemic in animals and humans. In certain developed countries where 
the disease was eradicated, there seem to be a re-emergence of the disease as the disease appears to claim more territory. 
The risk factors of the disease may vary from country to country and region to region, but most risk factors are similar. 
Consumption of unpasteurized milk and milk products plays a very important role in the transmission of this infection from 
animals to humans, in addition to direct contact with infected animals and their secretions. The best way to control this 
ubiquitous infection is through the One Health approach which involves human health, animal health, and environmental 
health. This paper reviews the prevalence of brucellosis in some countries in various continents of the world and highlights 
the risk factors responsible for the persistence of this infection in animals and humans with a view to proffering solution to 
this age-old zoonosis that has defied eradication for many generations in many parts of the world.
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Introduction

Brucellosis is a very old zoonosis and recent 
evidence from Egyptian ancient skeletons has shown 
that this disease has been existing since at least 750 
BC [1]. Brucellosis also known by other names such as 
Malta fever, intermittent fever, Bang’s disease, undu-
lant fever, Gibraltar fever, Mediterranean fever, con-
tagious abortion, Maltese fever, Crimean fever, and 
rock fever is a bacterial zoonotic infection caused by a 
Gram-negative coccobacilli bacteria that infect almost 
all species of domestic animals and man. The disease 
is caused by several species of Brucellae includ-
ing Brucella abortus, Brucella melitensis, Brucella 
ovis, Brucella suis, Brucella canis, Brucella microti, 
Brucella inopinata, Brucella Ceti, and Brucella pin-
nipedialis [2-4].

The gold standard for Brucella identification still 
remains the isolation of the organism from samples 
and one of the best methods of diagnosing brucellosis 
is by the use of polymerase chain reaction (PCR) [5]. 
However, serological diagnosis is still the most com-
mon means of diagnosis of the disease in a herd or a 
population.

Brucellosis used to be mainly an occupational 
hazard associated disease, but in recent years increase 
in travel and a renewed interest in trying some form 
of raw exotic milk has increased the prevalence of the 
disease among travelers to endemic countries and has 
been associated with some outbreaks of brucellosis in 
the human population [6-9]. About 500,000 new cases 
of brucellosis are reported annually [10].

This paper reviews the prevalence of brucellosis 
in man and domestic animals from different countries 
and risk factors that must be avoided or minimized to 
control or prevent infection. This review showed that 
the battle to control brucellosis is a long fight with 
bacteria that are rapidly evolving and spreading in a 
modern world. New strategies must be put in place if 
the fight against these bacteria must be won.
Human Brucellosis

Accurate data on human cases of brucellosis are 
lacking from many countries especially developing 
countries, and the lack of active data leads to underes-
timation of the burden of the disease [11] which may 
negatively affect control and prevention measures that 
could be instituted. A very important key to controlling 
brucellosis in humans is controlling it in animals [10]. 
But in most developing countries, there is widespread 
prevalence of the disease in animals which sustains it 
in the human population.
Africa

Brucellosis is widespread and the prevalence 
of brucellosis varies from one country and region in 
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Africa to the other [12]. In Nigeria, the infection has 
been reported in 24.1% of abattoir workers in Abuja, 
Nigeria with occupation and eating raw meat as risk 
factors [13]. In Ethiopia, 34.1% of patients from 
Borana, 29.4% from Hamer, and 3% from Metema 
were seropositive for brucellosis using the Brucella 
immunoglobulin M (IgM) IgG lateral flow assay [14]. 
There was no difference in seropositivity in terms 
of sexes, and all the seropositive individuals from 
Borana and Metema suffered symptoms of arthralgia 
and back pain. Living near an animal shelter had odds 
ratio (OR): 3.59, keeping animals on the yard had OR: 
5.16, attending animals on the pasture had OR: 5.14, 
milking animals had OR: 2.07, ingestion of raw milk 
had OR: 3.33 and consumption of fresh cheese had 
OR: 5.39 which were all significantly associated with 
brucellosis infection [14]. In rural northern Tanzania, 
the risk of brucellosis was significantly associated with 
helping an aborting animal, proximity to other house-
holds, and people of the Christian religion [15]. A ret-
rospective study of brucellosis involving 652 cases 
using Brucella agglutination test between June 2004 
and May 2006 in Uganda found that living in urban 
areas was a risk factor for brucellosis more than living 
in peri-urban and rural areas due to a higher risk of 
unpasteurized milk consumption [16].
Asia and the Middle East

In a study in Iran, the most common source 
of infection with brucellosis was the consumption 
of unpasteurized fresh cheese, and occupational 
exposure was recorded in 52.1% of patients [17]. 
In Malaysia, the risk factors of brucellosis included 
occupation, age and drinking unpasteurized milk 
with farmers having 7.19 times the odds of brucello-
sis when compared to non-farmers (90% confidence 
interval [CI]: 1.16-44.71); those 40 years and below 
having 7.16 times the odds of brucellosis than those 
above 40 years (90% CI: 1.16-44.41) and those who 
consumed unpasteurized milk have 4.5 times the odds 
of having brucellosis than those who do not consume 
(90% CI: 1.03-19.15) [18].

In a study of brucellosis in pregnant women in 
Saudi Arabia, the incidence of spontaneous abortion 
in the first and second trimesters was found to be 43%, 
and intrauterine fetal death was 2% [19].

The nation of Israel appears to suffer from 
endemic brucellosis especially southern Israel close 
to the Bedouin tribes who live in close proximity to 
their herds and consume lots of unpasteurized milk 
and dairy products. Some inhabitants of Israel, such as 
the Ethiopian Jews, do not raise animals or consume 
dairy products but yet are increasingly becoming 
infected with brucellosis in recent years. An important 
often overlooked risk factor for brucellosis is the tra-
ditional ritual slaughter of animals that is commonly 
practiced among Ethiopian Jews in Israel in which 
the animal is slaughtered, skinned, eviscerated and 
the meat is minced thereby exposing those involved to 

the infectious pathogen [20]. Countries in the Middle 
East such as Iraq and Egypt are noted as endemic for 
brucellosis in animals as well as humans [21].
North America

Brucellosis has been reported in different 
groups, classes of people, and different countries in 
North America especially the developing nations in 
this continent. Many of the human cases of brucel-
losis in this region of the world like in many parts of 
the world are acquired through consumption of unpas-
teurized milk and milk products such as cheese which 
are gotten from animals infected with brucellosis. In 
the United States, an estimated 839 new cases of bru-
cellosis illness are reported annually with 55 hospital-
ization and 1 death [22]. Laboratory acquired cases of 
brucellosis are increasingly becoming a concern, with 
up to 5 cases between 2008 and 2011, as it demon-
strates violations in safety standards in laboratories or 
some degree of negligence on the side of laboratory 
staff [23].
South America

In a study in Brazil, 13% of an urban poor popu-
lation was positive for B. abortus and 4.6% was pos-
itive for B. canis and individuals older than 45 were 
significantly associated with infection [24]. Normally, 
there are fewer cases of B. canis in humans reported 
around the world. The reported prevalence of B. canis 
has epidemiological and public health implications 
because of the closeness of dogs to man both in rural 
and urban populations. In many developing countries, 
man and dogs live side by side with little attention paid 
to hygiene and the health of the dog; this increases the 
possibility of transmission of the infection from dogs 
to the human population.
Europe

Although brucellosis is not as widespread in 
Europe as it is in Africa, Asia, and the Middle East, 
it is still a significant disease of public health impor-
tance. Cross-border molecular tracing has confirmed 
brucellosis to be a zoonosis of public health impor-
tance in Europe [25]. In Germany in the years 2002-
2003, there were confirmed reports of brucellosis with 
30 isolates from humans confirmed as B. melitensis 
and 1 isolate confirmed as B. suis [26].

There seem to have been a decrease in the prev-
alence of brucellosis in Italy from the year 1998 to 
2010, during which 8483 cases were notified in Italy. 
An epidemiologic model to correct the underreport-
ing of cases showed that the number of cases should 
have ranged from 41,821 to 155,324 implying a more 
severe picture of brucellosis in humans in Italy than 
envisaged by the surveillance system [27].

An analysis of Brucella isolates from humans in 
Denmark using multiple-locus variable number tan-
dem repeat analysis revealed that the isolates belonged 
to an existing defined “East Mediterranean” B. meli-
tensis group. This implies that cases of brucellosis in 
Denmark were imported from other countries [28].
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Australia
In Townsville, Northern Australia, the major 

etiologic agent of brucellosis was B. suis which was 
acquired mostly through feral pig hunting (94%) with 
humans showing common brucellosis symptoms of 
fever, arthralgia, and fatigue [29]. From the year 1991 
to 2012, there was an annual average of 34 notifica-
tions of human brucellosis in Australia [30]. Australia 
is not considered endemic for human brucellosis, but 
the persistence of sporadic reports of the infection 
implies that it may be endemic in the animal popu-
lation or the disease persists as a result of movement 
of people from endemic countries to Australia or vice 
versa and the consumption of infected products.
Animal Brucellosis

Brucellosis has been reported from different 
species of animals worldwide including marine mam-
mals [31]. It is one of the most economically import-
ant diseases of animals worldwide [32], yet, infor-
mation related to the prevalence of brucellosis is still 
sparse from the developing world and there is need to 
address this paucity of literature from the developing 
world because eradication of brucellosis would not 
be lasting if many other parts of the world are still 
struggling with endemic brucellosis [33]. The trans-
boundary risks of brucellosis are real as it is known to 
be imported along with animals from one country to 
another making it an important zoonotic transbound-
ary disease [25,34]. The control of brucellosis in ani-
mals is central to the control and prevention of the 
infection in humans because human to human trans-
mission of the infection is very rare, so the bacteria 
are usually transmitted from animals to man. Breaking 
this transmission link would be pivotal in the control, 
prevention, and eradication of brucellosis.
Africa

Sex was not significantly associated with brucel-
losis in cattle and goats in an arid region of Nigeria 
and keeping goats and cattle together increased the 
risk of brucellosis in the goats as goats were found 
to have antibodies against B. abortus in addition to 
B. melitensis [35]. This finding conveys the impor-
tance of keeping cattle separate from goats to mini-
mize the risk of cross-transmission of infection from 
one species to another. Some reports have found goats 
living with cattle to be infected with B. abortus and 
cattle with B. melitensis.

In a study of brucellosis in cattle 907, serum sam-
ples were collected in Ivory Coast for analysis using 
a parallel interpretation, rose bengal test and indirect 
enzyme linked immunosorbent assay results revealed 
10.3% (95% CI: 8.4-12.4) of the cattle had antibodies 
against Brucella in the study area. The logistic regres-
sion analysis showed that brucellosis seropositivity 
was related to age and herd size. Cattle above 5 years 
of age showed higher odds for seropositivity (OR: 2.8; 
95% CI: 1.3-6.4) compared to cattle under 3 years 
of age. In the same manner, the odds  of brucellosis 

seropositivity for herds that had more than 100 cattle 
was 3.3 (95% CI: 1.2-8.9) times higher compared to 
those with <50 cattle [36].

A study of brucellosis in Angola using the rose 
Bengal plate test showed a prevalence of 14.96% out 
of 1344 samples taken from cattle with herd preva-
lence reaching 40.10%. Some risk factors associated 
with brucellosis in cattle in Angola included shortage 
of facilities for isolation of infected animals (OR: 
6.66; 95% CI: 1.16-38.34), purpose of production 
different from meat (OR: 3.13; 95% CI: 1.07-9.19), 
abortions (OR: 3.98; 95% CI: 1.92-8.28), female 
infertility, and neonatal mortality (OR: 3.07; 95% CI: 
1.42-6.65) [37].

A retrospective study of 17,359 samples from 
Uganda analyzed serologically between 1998 and 
2008 showed the overall seroprevalence was 10% 
with humans and bovine species having the high-
est seroprevalence of 16% and 12%, respectively. 
Majority of the positive brucellosis results were in the 
cattle corridor with p=0.399. The trends of brucellosis 
seroprevalence decreased over time in the different 
animal species but were the highest in bovine with 
p=0.043 [38]. It appeared that in Uganda bovine bru-
cellosis is more closely associated with risk of human 
infection than other forms of brucellosis.

A study in Ethiopia showed the prevalence of 
brucellosis in cattle, camels and goats as 10.6%, 2.2% 
and 1.9%, respectively, with brucellosis contributing 
significantly to abortions in these animals. Keeping 
more than two animal species at household level was 
revealed as the risk factor for cattle (OR: 3.1; 95% 
CI: 1.2-7.9) and camel (OR: 5.3; 95% CI: 1.2-23.5) 
suggesting the possibility of cross brucellosis trans-
mission under mixed herding conditions [39].
Asia and the Middle East

In a study in Jordan, the estimated true sero-
prevalence was found to be 18.1% (95% CI: 11-25.3) 
(cattle-only herds), 22.2% (95% CI: 16.5-28.8) 
(sheep flocks), 45.4% (95% CI: 30.3-61.6) (goat 
herds), 70.4% (95% CI: 55.5-84.9) (mixed sheep-goat 
flocks), 34.3% (95% CI: 28.4-40.4) (all small rumi-
nant flocks), and 38.5% (95% CI: 24.3-51.8) (mixed 
herds of cattle and small ruminants) and the identi-
fied risk factors in Jordan included lending/borrowing 
rams (OR: 8.9; 95% CI: 3.0-26.1), feeding aborted 
material to dogs (OR: 8.0; 95% CI: 3.5-18.1) the pres-
ence of goats (OR: 6.9; 95% CI: 3.1-15.4), introducing 
new animals to the flock (OR: 5.8; 95% CI: 2.5-13.6), 
and a large flock size (OR: 2.2; 95% CI: 1.0-4.6) [40]. 
The prevalence of brucellosis in goats in Malaysia 
for 10 years (2000 to 2009) was found to be 0.91% 
at animal level and 7.09% at farm level [41]. The risk 
factors of brucellosis in Malaysian goats were found 
to be the introduction of new animals (OR: 5.25; 90% 
CI: 1.46-18.88), younger age category of farms (OR: 
5.53; 90% CI: 1.09-21.66), and farms with single 
breed of goats (OR: 8.50; 90% CI: 1.27-41.97) [42]. 
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Most of the studies in Asia and different parts of the 
world showed that introduction of new animals pro-
vided one of the highest risk factors for brucellosis 
in livestock farms, and this is an important risk factor 
for farmers to guide against to have brucellosis-free 
herds.

The trend of brucellosis in cattle in Malaysia 
showed 21.8% of sampled cattle were positive for 
Brucella antibodies and seropositive herds clustered 
around the central part of Peninsular Malaysia with 
a remarkable variation seen in the cattle-level sero-
prevalence, but the rate remained relatively low 
(<5%). The chi-square statistics revealed that herd 
size (χ2=1206.077, df=2, p=0.001), breed (χ2=37.429, 
df=1, p=0.001), month of sampling (χ2=51.596, df=11, 
p=0.001), year (χ2=40.08, df=8, p=0.001), and state 
(χ2=541.038, df=10, p=0.001) to be associated with 
increased Brucella seroposivity [43].

In Bangladesh, Brucellosis prevalence showed 
variation based on occupations of people (2.5-18.6%) 
and species of animals (3.7% in cattle, 4.0% in buf-
falo, 3.6% in goats and 7.3% in sheep). The prevalence 
of brucellosis also varied in livestock farmers (2.6-
21.6%), milkers (18.6%), butchers (2.5%), and vet-
erinarians (5.3-11.1%) who have direct contact with 
animal and its products or who consume raw milk [44].

Thailand is still considered endemic for brucel-
losis and in recent years there have been concerted 
efforts beginning from 2009 to eradicate brucellosis 
in animals, but the high volume of goat movements 
hampers the test and slaughter and compensation pol-
icy from achieving the needed objectives [45]. An 
outbreak of brucellosis in a goat farm in Thailand 
led to a fatal infection of a 79-year-old goat farmer 
with unprotected exposure to goat carcasses identified 
as the main risk factor [46]. Farmers and veterinary 
personnel must be careful while handling animals in 
endemic areas.
North America

 The United States of America have battled bru-
cellosis over the years, but yet many parts of the coun-
try continue to experience and suffer from the effects 
of brucellosis mainly caused by B. abortus in cattle, 
elk, and bison. The elk is a very important animal in 
the epidemiology of the infection because it transmits 
it to cattle and feral swine are important reservoirs 
of the infection making eradication difficult because 
it can be maintained in the sylvatic cycle, especially 
in the Greater Yellowstone Area and Texas [47]. 
Similarly, Canada has failed to eradicate brucellosis 
in cattle which are usually infected by bison. A con-
troversial plan to depopulate the bison population and 
introduce new disease free stock failed to get approval 
because of public outcry against the proposal [48]. 
The presence of brucellosis in wild life is a risk factor 
for the infection in domestic animals because of the 
constant encroachment of wild life into domestic ani-
mals and vice versa. Other countries in this region also 

have had their fair share of the economic and health 
impact of brucellosis. Mexico is endemic for brucel-
losis in spite years of control measures. A study in 
goats found a prevalence of 38% in Jalisco region and 
11% in Michoacan region of Mexico with Michoacan 
showing lower odds of brucellosis (OR: 0.32; 95% CI: 
0.21-0.48) compared to Jalisco and goats in zero graz-
ing had lower odds of brucellosis (OR: 0.22; 95% CI: 
0.09-0.57) compared to those in grazing systems [49].
South America

The countries of South America are known to be 
endemic for animal brucellosis. For example, Brazil 
has a large population of livestock but endemic bru-
cellosis has led to economic losses and transmission 
of the disease from the animal to the human popula-
tion in some cases [50]. The total economic loss due 
to brucellosis in a study in 2013 was estimated at 448 
million US dollars [51].
Europe

Brucellosis has been a problem in some parts 
of Europe for many years. Countries such as Greece, 
Macedonia, Croatia, and Yugoslavia have suffered 
from brucellosis in their livestock population [52]. 
Turkey is also known to be endemic for brucellosis 
especially in the central, eastern, and southeastern 
Anatolian regions [53].
Australia

Brucellosis caused by B. suis is the only source of 
endemic brucellosis in Queensland where humans and 
animals have been infected [29]. Brucellosis caused 
by B. suis has been detected in New South Wales from 
feral pigs during 2012 to 2013 with a prevalence of 
3% [30]. Brucellosis has been reported in camel rearing 
countries around the world except Australia and is more 
common in Old World Camels than New World Camels 
which seldom come down with brucellosis [54].
Prospects for Control and Eradication

Bovine brucellosis has been eradicated from 
some parts of the world such as New Zealand, 
Sweden, Denmark, Norway, Finland, Germany, 
UK, Netherlands, Belgium, Luxembourg, Austria, 
Switzerland, Canada, Japan, and New Zealand [55]. 
Nations, where the prevalence of brucellosis, are 
below 2% may attempt eradication policies but attain-
ing a brucellosis free status may take many years to 
achieve like the Malaysian scenario which has taken 
some 30 years but yet the eradication status remained 
unchanged [41]. It is suggested that eradication proce-
dures should include vaccination of healthy animals 
as wells as culling of seropositive animals, instead of 
relying solely on one method.
One Health Approach to Brucellosis Control

A very important approach to the control of 
brucellosis that is gaining more and more recog-
nition around the world in recent years is the One 
Health approach. For effective control and possible 
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eradication of brucellosis from both the human and 
animal population, it is important to note which species 
of Brucellae affect which animals and which animals 
can be reservoirs, especially in developing countries 
where mixed farming is common practice [56]. These 
reservoir animals are responsible for maintaining the 
infection and transmitting it to the human popula-
tion. Brucella melitensis is the most pathogenic and 
the most common cause of serious infection. It is 
mainly found in small ruminants and can affect cattle 
in mixed farming methods. Sometimes cattle can be 
affected by both B. melitensis and B. abortus in mixed 
farming methods and the differentiation of the etio-
logic agent in human cases arising from such scenario 
may require more than serology; isolation and PCR 
are very helpful in identifying the exact species caus-
ing infection [2,41,57]. In the One Health framework 
veterinary, medical, environmental and allied profes-
sionals and experts collaborate together with the aim 
of identifying possible risk factors for this infection 
and design a suitable approach to combatting the 
infection. Unfortunately, in many underdeveloped 
and developing countries, this kind of collaboration is 
non-existent or weak which gives room for brucellosis 
to thrive unchecked especially in rural populations.
Conclusion

Brucellosis is widespread across the globe and 
though most infections occur in developing countries, 
the developed countries have not being spared the 
scourge of the disease as more and more reports of infec-
tion have been reported. The prevalence varies from 
country to country and region to region and is influ-
enced by multiple factors. The common risk factors of 
brucellosis in humans include consumption of unpas-
teurized milk and dairy products, contact with aborted 
animal fetuses, hunting feral animals, and unhygienic 
practices. The common risk factors in animals include 
introduction of new animals into herds, high stocking 
density, large herd sizes of farms, mixed farming, and 
inadequate biosecurity. To eradicate the disease will 
require a combination of different measures including 
test and slaughter, vaccination, quarantine of suspected 
animals and on the human perspective stricter hygiene 
measures, minimum animal-human contact and con-
sumption of only pasteurized milk and dairy products.
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