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Resumo 

A brucelose é uma doença zoonótica de distribuição mundial. Afeta uma vasta 

variedade de hospedeiros, incluindo o gado bovino. As suas manifestações clínicas traduzem-

se em perdas económicas devido à ocorrência de abortos e diminuição da produtividade 

animal. Devido ao seu carácter zoonótico, esta doença representa também uma importante 

questão de saúde pública. Deste modo, a investigação de potenciais fatores de risco poderá 

permitir o desenvolvimento de novas estratégias para diminuição da prevalência desta 

patologia e a melhoria do programa nacional de erradicação da brucelose bovina em Portugal. 

 O objetivo do presente estudo foi o de identificar alguns dos fatores de risco da 

brucelose bovina na região de Trás-os-Montes e Alto Douro. Foi considerado todo o gado 

bovino registado no sistema nacional de identificação animal (PISA.net) (n = 209692) desde 

2001 a 2016. Dados à cerca da identificação das explorações, a sua localização, número de 

identificação animal, aptidão, data de nascimento, sexo e data da colheita da amostra foram 

igualmente considerados. Para os estudos dos fatores de risco da brucelose, foram analisadas 

sete variáveis: tamanho do rebanho, presença de pequenos ruminantes, número de explorações 

de bovinos e número de explorações de pequenos ruminantes na mesma área, idade, 

pluviosidade e temperatura. Os dados foram analisados com recurso ao teste qui-quadrado e 

regressão logística multivariável (p < 0.05). 

 A análise dos dados demonstrou que a prevalência média de brucelose bovina 

diminuiu cerca de 12 vezes ao longo do período de estudo. A prevalência revelou-se superior 

em explorações de pequena dimensão (0,47%) do que em explorações de média (0,30%) e 

grande (0,37%) dimensão. A prevalência média de brucelose também se demonstrou maior 

em animais com aptidão de carne (0,75%) do que nos animais com aptidão de leite (0,23%). 

Identificou-se que as probabilidades de seropositividade para a brucelose bovina aumentavam 

nos animais em “rebanhos de pequeno tamanho” (OR = 1,48), em “animais jovens” (OR = 

1,45), dada a “presença de pequenos ruminantes na mesma exploração” (OR = 1,59), durante 

a “estação quente” que inclui a Primavera e o Verão (OR = 1,85) e em explorações a uma 

“altitude” igual ou superior a 800m (OR = 2,38). 

 Os resultados obtidos neste estudo enfatizam a importância da gestão geral e sanitária 

das explorações e da higiene dos currais, bem como do aumento da consciência dos 

agricultores para os potenciais fatores de risco presentes nas suas próprias explorações, dadas 

as características desta região rural. 
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Abstract 

Brucellosis is a zoonotic disease with worldwide distribution. It affects a great variety 

of hosts, including cattle. Its clinical presentation implies gross economic losses due to 

abortions and decrease of animal productivity. Brucellosis also represents an important public 

health significance due to its zoonotic character. Thus, to improve the national eradication 

program for bovine brucellosis, the investigation of potential risk factors could be used to 

develop new strategies to decrease its prevalence and its further eradication. 

The objective of the present study was to identify some of the risk factors of bovine 

brucellosis in the region of Trás-os-Montes e Alto Douro. All cattle registered in the national 

animal health database (PISA.net) (n = 209692) from 2001 to 2016 was included. Data about 

farm identification, farm location, cattle identification number, main animal production, birth 

date, sex and blood sampling date were also considered. To study the risk factors of 

brucellosis several variables were considered: herd size, main animal production, commingled 

small ruminants, number of cattle farms in the same location number or small ruminant farms 

in the same area, age, pluviosity and temperature. Data were assessed by chi-square test and 

multivariable logistic regression (p < 0.05). 

The data analysis revealed a reduction of brucellosis prevalence in cattle of about 12-

fold along the study period. The prevalence (p < 0.001) in small sized herds (0,47%) was 

higher than in medium (0,30%) and large (0,37%) herds. Also, prevalence (p < 0.001) of 

brucellosis in meat cattle (0.75%) was higher than in dairy herds (0.23%). The analysis 

revealed the odds were increased in case of “small size herds” (OR = 1,48), “young age” (OR 

= 1,45), “the existence of commingling small ruminants” (OR = 1,59), “hot season” of Spring 

and Summer (OR = 1,85), and herds living at an “altitude” equal or higher than 800m (OR = 

2,38).  

The results on this study emphasize the importance of general and sanitary herd 

management and corral hygiene, as well as of the raise of awareness of the farmers to the 

potential risk factors present in their specific herds, given the particularities of this rural 

region. 
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1. Introduction 

Brucellosis is an infectious disease of animals and humans that has been reported in 

many countries worldwide (Corbel & Banai, 2015a). This re-emerging zoonotic disease can 

have a big economic impact, since it affects the livestock health, as well as that of their 

owners, and decreases the animal productivity (Gotuzzo & Pappas, 2011). The etiological 

agent can infect different species, some of which with economic importance as they are 

commonly used by man in farming activities, such as sheep, goats and cattle. Brucella spp. is 

the etiological agent of bacteria nature responsible for infecting livestock are also capable of 

infecting and causing brucellosis in humans (Fensterbank, 1986). The infection route is 

mainly through the ingestion of food or water that have been previously contaminated by 

abortions, fetal membranes or uterine discharges. In addition, infected male can also spread 

the disease among females through natural mating and artificial insemination. Brucellae can 

also infect throughout injured or even intact skin and all mucous membranes (Bercovich, ter 

Laak, & van Lipzig, 1992). In humans, brucellosis is usually considered an occupational 

disease since it affects farmers, veterinarians, artificial inseminators, meat-inspectors, 

slaughter-house personal, laboratory staff or butchers that contact with infected animals. 

However, outbreaks have arisen due to consumption of dairy products made from raw milk 

(Cooke & Slack, 2017). Moreover, the presence of Brucella spp. in marine animals suggests 

that fish-borne brucellosis could also potentially become a hazard to consider in the future.  

Brucellosis characteristics such as low infectious doses (10-100 bacteria), persistence 

in the environment, rapid transmission via different routes including aerosols and long 

treatment by antibiotics, makes Brucella to be considered a potential bioterrorism weapon 

(El-Sayed & Awad, 2018). Brucella was one of the first biological weapon developed in the 

1950s and it is listed as a potential agent for a biologic attack by the Centers for Disease 

Control and Prevention, being that aerosols are easy to prepare and disseminate. An escape of 

this organism from military storage or use in a terroristic attack would have catastrophic 

effect, since until now there is no human vaccine against brucellosis (Gotuzzo & Pappas, 

2011). 

Even though most industrial developed countries have managed to eradicate this 

disease, it still is responsible for 500 000 new human cases yearly worldwide (England et al., 

2006). In Portugal it is currently one of the three most prevalent zoonotic diseases, and there 

are human reported cases in every region all over the mainland. From 2002 to 2013, over 600 
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new human cases we’re reported, from which most was middle aged man (Pelerito et al.., 

2017).  

Currently, in many countries across the globe including Portugal, there is an attempt to 

control and eradicate bovine brucellosis through official National Control and Eradication 

Programs mostly supported by governments. In order for these programs to succeed and 

achieve the ultimate objective that is the eradication of brucellosis, it is essential that we 

understand this pathogen, the disease it causes and the risk factors that increase probability of 

infection in animals and humans.  Cost-effectiveness may be optimized, in part, through the 

study of these key point factors in order to implement more specific and targeted measures. 

Some risk factors such as the size of the herd, age and sex of the animals, mixed farming, 

artificial insemination methods used, history of occurrence of abortion, among others were 

identified by several authors from different areas of the world (Neri et al.., 1993; Al-Majali et 

al., 2009a; Alehegn et al.., 2016; Oliveira et al., 2016; Ali et al., 2017). 
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2. Brucellosis – General Concepts 

2.1. History, Etiology and Taxonomy 

Even in most developed countries, brucellosis has managed to persevere for millennia 

as it still to this day presents a recognized high prevalence in certain geographic areas 

(Capasso, 2002). It is one of the earliest known diseases and it has been known for many 

different names, such as ‘Maltese’, ‘Mediterranean’ or ‘Crimean fever’ and ‘Bang’s disease’. 

Also, a very common name in 1913 was ‘Undulant fever’, named by Hughes regarding the 

patient’s symptoms. From 1940 onwards, ‘Brucellosis’ became the most accurate way to refer 

to this disease (Wyatt, 2016).   

The bacterium was first named Micrococcus melitensis, after first being isolated in 

Malta between 1886 and 1887. It was isolated from the spleens of patients by David Bruce, a 

military surgeon. Bernhard Bang, a Danish veterinarian, later proved that a miniscule bacillus 

he called Bacillus abortus was, in fact, the principal cause of abortion in Bovines. In the 

1920’s, the species discovered so far were renamed under Brucella in reference to Bruce’s 

name. That was the name attributed to all the other species isolated from different hosts, from 

that point forwards (Edwards & Jawad, 2006; Gul & Erdem, 2014; Wyatt, 2016). 

Brucellosis’ etiological agents are the group of species that constitute the Brucella 

genus. This genus from the Philum Proteobacteria of the Bacteria Kingdom is part of the 

Family Brucellaceae that is within the Order Rizobiaeceae of the Alphaproteobacteria 

Classe’s Subdivion α2 (Ficht, 2010). 

Since the first specie’s discovery in 1887, Brucella species have been traditionally 

classified based on their preferred hosts. There are six species considered classical, and more 

recently other species have been isolated from several different types of hosts and classified 

as part of the genus. They are the following: B. melitensis (biovars 1 to 3), B. abortus (biovars 

1 to 6 and 9), B. suis (biovars 1 to 5), B. ovis, B. canis, B. ceti (G. Foster et al.., 2015), B. 

pinnipedialis (G. Foster et al., 2007), B. neotomae (Wahab et al., 2014), B. microti (Rónai et 

al., 2015), B. inopinata (Wahab et al., 2014), B. papionis (Whatmore et al., 2014), and B. 

vulpis (Scholz et al., 2016).  
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2.2. Microbiological, Growth and Culture Characteristics 

These nonmotile, gram-negative coccobacilli are usually single but can be found in 

pairs or small groups. They usually are 0.6-1.5 µm long and 0.5-0.7 µm wide and don’t have 

capsules or form spores (Holt et al., 1975). They are aerobic, but some strains require 5–10% 

carbon dioxide for primary isolation. Brucella spp. are catalase positive, but there is 

considerable variation in their oxidase and urease activity, as well as H2S production (Cooke 

& Slack, 2017). 

The cellular wall has a typical gram-negative bacteria structure and is composed by an 

underlying layer of peptidoglycans that support asymmetric layers of lipopolysaccharides 

(LPS) and phospholipids (Alton & Forsyth, 1996). The LPS is the antigen that dominates the 

antibody response and it may differ between species whether it has an O-chain in its 

composition or not. The Brucella strains that have an LPS with the O-chain in its composition 

are Smooth (S) strains, the ones that have an LPS with either absent or reduced O-chain are 

considered Rough (R) or Nonsmooth strains (Fernandez-Prada et al., 2001). A culture can be 

identified as belonging to the genus Brucella on the basis of colonial morphology, staining 

and slide agglutination with anti-Brucella serum, smooth or rough (Alton & Forsyth, 1996). 

Growth in vitro is slow and the first colonies can be observed after the first 48 hours and 

primary isolation may require up to 4 weeks incubation (Cooke & Slack, 2017). Although 

laboratory-adapted strains may be induced to grow in synthetic media containing an 

ammonium salt as the sole nitrogen source, blood, serum or tissue extracts should be used in 

order to supplement ordinary nutrient media or else growth will be slow and very poor, once 

the majority of fresh isolates have complex nutritional requirements (Corbel and Banai, 

2015). 

These rods, that have the microscopic appearance of ‘fine sand’, form primary cultures 

that present themselves as punctate, non-pigmented, and non-haemolytic colonies. The S 

Brucella strains’ colonies are raised, convex, circular, translucent, and 0.5–1 mm in diameter. 

After subcultivation or prolonged culture (>4 days), the colony morphology of Brucellae may 

become less convex and opaquer with a dry and granular appearance and range in color from 

matte white, yellowish white, or buff, to brown, which is caused by the dissociation of 

Brucellae into R forms (Liu, 2015).  R colonies are often friable or viscous and difficult to 

detach cleanly from the agar surface, unlike S colonies, which are soft and easy to emulsify to 

form stable suspensions in saline solutions. Mucous (M) colonies are similar to R colonies in 

color and opacity but have a sticky glutinous texture (Corbel & Banai, 2015a). 
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In terms of coloration, though not truly acid fast, Brucella spp. retain certain dyes, 

including basic fuchsin, in the presence of dilute acids or alkalines. This has been used as a 

basis of differential staining methods. They are resistant to decolorization with weak acids, 

but they do stain red with Stamp’s modified Ziehl-Neelsen method. (Joshi et al.,2005; Tilak et 

al., 2016) 

 

2.3. Ecology, resistance and sensibility 

Even though Brucella species may temporarily be recovered from environmental 

samples associated with animal infection, it’s persistence in the environment  is not 

considered to be of epidemiologic importance. (Olsen & Bellaire, 2013) 

Brucella organisms have been classically classified as facultative intracellular 

parasites. However, their true nature is better understood as a facultative extracellular 

intracellular parasites, given that their ultimate goal is to propagate to their preferred niche - 

the intercellular environment of the hosts’ cells (Gorvel & Moreno, 2002). 

The optimal temperature for Brucella growth is 37ºC but it may occur between 20ºC 

and 40ºC.  They can also grow in media of a pH range from 6.6 to 7.4 (Corbel and Banai, 

2015). These bacteria can survive in freeze and thaw, although viability is affected by 

freezing and defrosting cycles. They prefer cool, moist conditions with minimum exposure to 

ultraviolet light, but they are susceptible to most disinfectants for gram-negative organisms 

(Olsen & Bellaire, 2013).  

In terms of antibiotics, despite of the increasing concern of future development of 

resistances to certain drugs, we can still say that Brucella spp. is still susceptible to a wide 

array of different tipes of antibiotics, such as: doxycycline, streptomycin, gentamycin, 

tetracyclin, sulfamethoxazole-trimethoprim, ceftazidime, rifampicin and some others (Bayram 

et al., 2011; Maves et al., 2011; Xiu-Li Xu et al.., 2013; Shevtsov et al., 2017). 

 The bacterium survives for 6 weeks at 4°C in cream, 30 days in ice cream, and 15 to 

100 days in fresh cheese. Boiling and pasteurization of milk is effective on killing Brucella 

spp.. They also die in milk sour or when lactic acid fermentation occurs. It is safe to consume 

cheese after 60 to 90 days (Gul & Erdem, 2014). 
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2.4. Epidemiology 

The preferred host of B. abortus is cattle, but it also has the ability to infect other 

terrestrial mammals such as camels (Camelus dromedaries and Camelus bactrianus), yaks 

(Bos grunniens), bison (Bison bison), elk (Cervus elaphus), African buffalo (Syncerus caffer), 

and swine. The three biovars are spread worldwide, but several countries like Canada, New 

Zealand, Australia, Japan and some Northern and Central Europe countries are considered to 

be free of Brucella abortus.  

Brucella mellitensis is considered to be endemic in parts of Central and South 

America, Africa, Asia and the Middle East as well as the Mediterranean region. Its preferred 

host are sheep and goats, but it is also known to infect camels, cattle and other species. Areas 

considered to be free from this species include Canada, United States of America, Australia, 

New Zealand, Southeast Asia and Northern and Central Europe (Pappas et al., 2006). 

More than 500 000 people are infected with brucellosis every year in non-

industrialized countries due to economic instability, socioeconomic factors and insufficient 

regulatory programs in livestock over the last decades. The disease has an estimated 

prevalence that ranges from <1 per 100 000 people in the United Kingdom, United States of 

America, and Australia to >70 per 100 000 people in some countries in the Middle East and 

central Asia (Corbel, 1997; Olsen & Bellaire, 2013; Pappas et al.., 2006). Although they 

aren’t the most affected, children appear to represent a relatively high proportion (20-25%) of 

human brucellosis cases, which should represent a clear concern. The fact that they aren’t the 

most affected demographic group, in some underdeveloped countries, may be more related to 

food habits rather than immunity (Olsen & Bellaire, 2013). The majority of cases is found in 

young men between the ages of 20 and 40 years old, which is usually related to occupational 

hazards. 

Brucella mellitensis is the most invasive and pathogenic type of human brucellosis, 

followed B. abortus and B. suis (Gul & Erdem, 2014). Consumption of non-pasteurized 

contaminated sheep and goat’s dairy products - such as raw milk, soft cheese, butter and ice 

cream - infected with B. mellitensis appears to be the leading source of human infection 

worldwide. Hard cheese, yogurt and sour milk are less hazardous since both went through 

propionic and lactic fermentation (Pappas et al., 2005).  

However, there are other routes of transmission to humans such as direct contact with 

infected animals and their secretions through lacerations and other lesions, inhalation of 
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infected aerosols and conjunctival inoculation. B. abortus is the second commonest species 

infecting humans, and is typically an occupational disease in abattoir workers, butchers, 

veterinarians, and farmers, usually affecting adult men (and occasionally their family 

members), who become infected through the skin and conjunctiva. B. suis is an enzootic 

disease in swine, while B. canis has infected only a few dog breeders (Gul & Erdem, 2014). 

Human to human transmission is very unusual, but there are reported cases that 

occurred due to blood transfusion, bone marrow transplantation and sexual transmission 

(Naparstek et al., 1982; Goossens et al., 1983; Ruben et al., 1991; Doganay, Aygen and Ešel, 

2001). 

 

2.5. Pathogenesis 

Brucella organisms’ survival and persistence within the body of a host depends on the 

ability to multiply within the reticuloendothelial system (He, 2012). They have the ability to 

invade and multiply intracellularly in both phagocytic and nonphagocytic cells, yet the 

mechanism of invasion of the later is not clearly established (Liautard et al., 1996; Pizarro-

Cerdá, Moreno, & Gorvel, 2000).  

The bacteria enter the body through contact with mucosa by inhalation, ingestion, or 

after penetration of intact skin, abrasions or the conjunctiva. The pathogen is capable to 

replicate in a wide variety of cell types from microglia and fibroblasts to epithelial and 

endothelial cells. However, Brucellae present a strong tissue tropism and usually replicate 

within vacuoles of macrophages, dendritic cells and placental trophoblasts (Figueiredo et al.., 

2015). 

A few studies conducted on B. abortus infected cells show that the bacteria get 

surrounded by a membrane-bound compartment that forms the Brucella-containing vacuole 

(BCV) once inside the cell.  The intracellular lifestyle of this pathogen limits exposure to the 

host’s innate and adaptive immune responses, as they modify the intracellular trafficking and 

transform this vacuole into a replicative compartment or brucellosome (Köhler et al., 2003). 

In addition to this, the LPS’ nonclassical structure confers B. abortus with particular 

virulence factor characteristics, since it alters LPS-pathogen-associated molecular pattern 

associations and reduces the endotoxin-related properties typical of LPSs. It is several 

hundred times less toxic and less active than the classical E. coli LPS which translates to it 
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being a poor inducer of respiratory burst, bactericidal nitrogen intermediates and lysozyme 

secretion. It’s interaction with Toll-like receptors from the host cell, though existing, has very 

little influence on the production of cytokines, such as type I and II interferons and tumor 

necrosis factor α, or antimicrobial proteins such as GTPases of the p-47 family (Zhan et 

al.,1996; Fugier et al., 2007; He, 2012). B. abortus LPS inhibits the deposition of complement 

at the bacterial surface and antibacterial-peptide attacks. It also acts as a modulator of immune 

response regarding its ability to prevent the synthesis of immune mediators (Dornand et al.., 

2002). 

The bacteria also possess genes that codify for key virulence factors such as: a two-

component regulatory system (BvrR/BvrS); the type IV secretion system encoded by the virB 

region; a high weight molecular inner-membrane protein encoded by the cyclic b-1,2 glucan 

synthetase gene (cgs); and the outer-membrane lipid Phosphatidylcholine. These represent 

crucial factors in the control of polycation resistance, virulence, cell invasion and intracellular 

replication, enabling bacteria to escape detection and avoid elimination by the host’s immune 

system (Fugier et al., 2007). 

Three phases can be distinguished in the pathogenic process infecting the host, which 

are: the phase before clinical symptoms are demonstrated, called incubation; the acute phase 

that corresponds to the time during which the bacteria invade and disseminate through the 

host’s tissue; and, finally, the chronic phase that eventually can result in grave organ damage 

and death. However, infections in the natural host are often mild, rarely lethal and clinical 

manifestations are mainly exuberant in pregnant animals. Still a variety of lesions can be 

produced in a wide range of organs (Corbel and Banai, 2015). 

On the first stage, the pathogen will enter the organism and infect the cell responsible 

for the immune response, but it may migrate regionally as to remain stationed and replicate on 

lymph nodes, for as longs as several months.  Aside from this, a transitory bacteremia may 

occur as the microorganism migrates trough lymph and then blood circulation to organs that 

take part in the production of cells from the mononuclear phagocyte system or in 

hematopoiesis, such as the liver, spleen, lymph nodes and bone marrow. It also migrates to 

organs of the reproductive tract such as testicles, seminal vesicles, uterus and mammary 

glands. This process causes successive septicemic waves that coincide with feverish periods. 

This phase is characterized by intermittent excretion of Brucella microorganisms in milk and 

genital secretions. In females, these septicemic waves can also be related with placenta and 

fetal infection which can cause abortion in up to 40% of the cases, usually during the second 
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third of the gestation (Coelho et al., 2014). Brucellae species, as for example B. abortus, also 

form granulomatous lesions in tissues and organs, composed by inflammatory cells; as well as 

some species, such as B. suis, are responsible for the formation of abscesses in joints and 

spleen.    

The presence of specific antibodies, namely IgM and IgG, is of utmost importance. 

However, they play a limited role in the immune response. (Pappas et al., 2005) In other 

hand, cellular immunity is known to play a fundamental role in controlling and preventing the 

progression of the disease through the action of cytokines such as interferon-γ (IFN-γ) and 

interleukin-2 (I L-2) secreted by CD8+ T cells, that increase bactericidal activities of 

macrophages and also, through cytotoxic effects, eliminate the infected cells (Ottones et al., 

2000). 

 

2.6. Clinical Manifestations 

There are no pathognomonic clinical signs of brucellosis. In cattle, the predominant 

signs of this disease are abortions (mainly between the 5
th

 and 7
th

 months), stillbirths and the 

birth of weak calves, that may die soon after birth. Usually, the majority of infected females 

abort only once in their life and the following pregnancies are often carried on normally. 

Females may also present retained placenta and secondary metritis, which may cause fertility 

complications. Even though normally there are no clinical signs of mastitis, B. abortus is shed 

in milk and lactation may be decreased (Nicoletti, 1998). 

In males, infections of the reproductive tract are reported, such as orchitis, 

epididymitis, seminal vesiculitis or testicular abscesses.  Since in both sexes reproductive 

organs are affected, infertility or reduced fertility occur occasionally. 

Especially in long-term infections, animals can also suffer from synovitis, arthritis and 

hygromas, particularly of the carpal joints. Brucellosis is rarely fatal, except in fetus and 

newborns. Nonpregnant infected animals are usually asymptomatic (Corbel, 2006). 

 The placenta from infected animals can be hyperemic and edematous, with some 

exudate on its surface. In many cases, the intercotyledonary areas are thicker than normal and 

placentomes can present severe necrosis and hemorrhage or even have no lesions worthy of 

concern.  Aborted fetuses may be of normal appearance or with excess of hemorrhagic fluid 
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in the body cavities and subcutaneous tissues. This together with pneumonia, hepatomegaly, 

splenomegaly and lymphadenopathy may be evidence of bacterial infection (Spickler, 2003). 

 In humans, the illness is known as a “great imitator” since it mimics countless other 

human disorders.  It presents nonspecific signs and it may vary from asymptomatic to fatal, 

with an incubation period that usually takes from 1 to 4 weeks but can extend for up to several 

months. The onset of symptoms may either be abrupt or insidious and some of the most 

frequent complaints include fever waxes and wanes, arthralgia and fatigue (Franco et al., 

2007; Gul & Erdem, 2014). Also, back pain, chills, myalgia, and malodorous perspiration 

may be experienced in the course of this disease. One third to half of the patients also presents 

splenomegaly and hepatomegaly as well as lymphadenopathy, neck stiffness and scrotal 

swelling. In humans, osteoarticular involvement and complications, such as sacroiliitis, 

spondylodiskitis and peripheral arthritis are the most common consequence of brucellosis 

(Doganay and Aygen, 2003; Troy et al., 2005). 

 

2.7. Diagnosis 

When considering the clinical manifestations, other infectious diseases must be 

considered in the differential diagnosis of brucellosis. There are various infectious causes of 

reproductive failure and abortion in cattle such as lepstospirosis, listeriosis, salmonellosis, 

campylobacteriosis, epizootic bovine abortion (EBA), aspergillosis; infectious bovine 

rhinotracheitis (IBR), bovine viral diarrhea (BVD), trichomoniasis and neosporosis 

(Anderson, 2007; Reichel et al., 2018).  

The absence of pathognomonic clinical signs of brucellosis infection makes a clinical 

diagnosis only possible to confirm through laboratory tests. Diagnostic methods include direct 

tests such as microbiological analysis or DNA detection by PCR-based methods and indirect 

tests, applied either in vitro (mostly in blood and milk samples) or in vivo (allergic test).  

Manipulation of live cultures of this microorganism should be held under biosafety level 3 

conditions. Work should be conducted in biological safety cabinets and procedures that 

produce aerosols should be avoided, since brucellosis is one of the most common laboratory 

acquired infections. 
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2.7.1. Direct Diagnostic Methods 

2.7.1.1. Sample collection 

In case of clinical brucellosis, valid samples include milk, colostrum, vaginal secretions, 

sperm, fluid collected from arthritis or hygroma, aborted fetuses (stomach, spleen and lung) 

and fetal membranes. In order to confirm suspected cases of brucellosis, the preferred tissues 

to be collected at slaughter are genital and oropharyngeal lymph nodes, mammary glands and 

associated lymph nodes and the spleen (Godfroid et al., 2010). 

2.7.1.2. Staining 

The microscopic examination of stained smears from tissues, exudates and secretions 

using modified Ziehl-Neelsen (Stamp) staining makes it possible to detect B. abortus as they 

appear red short rods, usually single but at times in pairs or small groups. Despite being an 

easy way of acquiring a presumptive diagnosis, we must be aware that it may be misleading 

regarding of Brucella’s resemblance with other microorganisms such as Coxiella brunetti or 

Chlamydia abortus. In case of availability, immunostaining could be helpful in that matter. 

2.7.1.3. Culture 

The isolation of the organism is considered the gold standard in the diagnosis of this 

disease, considering its high specificity, but culture of Brucella spp. can be challenging. 

(Mangalgi & Sajjan, 2014) A selective media such as Farrell’s could be used for culture but 

enrichment techniques should also be employed as well as the use of multiple 

medium.(Spickler, 2003) Many authors consider Ruiz-Castañeda medium to be the classical 

choice to culture Brucella spp., which consists on a biphasic flask, containing solid agar and a 

liquid phase agar. This medium was modified by Gotuzzo et al.. by the addition of cysteine, 

sulfonate and sodium polyethylene (Castaneda, 1947; Gotuzzo and Pappas, 2011; Geresu and 

Kassa, 2015). Other techniques also pointed out as being very effective to culture and isolate 

this microorganism are automated blood culture systems (such as BACTEC®) and lysis 

centrifugation procedures (such as ISOLATOR®) (McLaughlin et al., 1983; Yagupsky, 

1999). 

2.7.1.4. Polymerase Chain Reaction (PCR) 

Identification obtained through PCR consists in the detection of specific sequences of 

Brucella spp. DNA. Most of the techniques have been validated in human samples but have 

recently also been applied to clinical veterinary samples. 

Although they have a close to 100% specificity, in general, PCR techniques show a lower 
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diagnostic sensitivity than culture methods (Bricker, 2002; Leyla et al., 2003; Marianelli et 

al., 2008; Hinić et al., 2009). 

 

2.7.2. Indirect Diagnostic Methods 

2.7.2.1. Rose Bengal Test (RBT)  

This test, considered a “prescribed test for trade” by the OIE, consists on a rapid 

agglutination antigen test. It is done on a plate with the help of an acidic-buffered antigen and 

it can be as fast as 4 minutes. It’s simplicity and high sensitivity makes it the standard 

screening test in many countries (O.I.E, 2012). 

2.7.2.2. Complement Fixation Test (CFT) 

This test, also considered to be a “prescribed test for trade” by the OIE, consists on the 

detection of anti-Brucella antibodies that can activate complement, which in cattle are the IgG 

and IgM. This is not a highly sensitive test but is presents an excellent specificity. Despite 

that, it is a difficult test to conduct and hard to standardize which makes it gather a few 

negative aspects to its use. It is usually performed in order to confirm positive diagnosis with 

the Bengal Rose test as it’s high specificity counterparts the high sensitivity of the RB test 

(Emmerzaal et al., 2002; McGiven et al., 2003; O.I.E, 2012). 

2.7.2.3. Enzyme-Linked Immunosorbent Assay (ELISA) 

ELISAs can be divided into indirect and competitive. They use the LPS of the bacteria as 

an antigen, and there is a variety of anti-bovine Ig conjugate used. Indirect ELISA (iELISA) 

is highly sensitive but cross-reactions may be observed (due to infection with Yersinia 

enterocolitica). Despite less sensitive, competitive ELISA (cELISA) is more specific due to 

the use of antibodies directed against specific epitopes of the Brucella LPS. The OIE also 

considers these tests “prescribed for trade”. (Nielsen et al., 1995; O.I.E, 2012; Saegerman et 

al., 2004; Weynants et al.., 1996) 

2.7.2.4. Fluorescence Polarization Assay 

In these assays, the degree of depolarization of a polarized beam is measured based on 

the physical principal that the spinning speed of a molecule in a liquid medium correlates 

indirectly with its mass. Thereby, small molecules which spin faster will depolarize a 

polarized light beam more, and vice-versa. A specific antigen of B. abortus labeled with 

fluorescein isothiocyanate is incubated with the serum samples and large fluorescent 

complexes are formed in the presence of antibodies against Brucella. In negative samples, the 
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antigen remains uncomplexed and a greater depolarization is caused by the quicker spin of the 

smaller molecules. This very quick test is already used in brucellosis control and certification 

programs in North America and Europe and the OIE also considers this to be a “prescribed 

test for trade” (O.I.E, 2012). 

 

2.7.2.5. Milk Ring Test 

Fresh bulk/tank milk samples are mixed with colored Brucella whole-cell antigen and in 

case of a positive result, in which formation of antigen-antibody complexes form, purple ring 

on the surface will appear as a result of the complexes migration to the cream layer. It is not a 

very sensitive test but its low costs allows for it to be repeated very regularly. It is a 

prescribed test by OIE, for use only in cow milk (O.I.E, 2012). 

2.7.2.6. Skin Test 

This test is very useful in distinguishing true brucellosis cases from false positive 

serological reactions. It consists in an allergic test that detects the specific cellular immune 

response. A delayed-type hypersensitivity reaction results in the increase in skin thickness at 

the site of inoculation of brucellergene®, a protein extract of a rough strain of Brucella spp. 

The conclusions are drawn through the measurement of skin thickness at the site of 

inoculation. It cannot distinguish between vaccinated and infected animals. It is prescribed by 

the OIE as an alternative test (O.I.E, 2012). 

 

2.8. Risk Factors 

A combination of factors including contact with infected animals, host susceptibility, 

infecting dose, management and environment contribute to the probability of brucellosis 

causing infection in certain animals and becoming established in a species (Godfroid, 2002). 

In order to elaborate efficient control and eradication programs we must first correctly 

identify the risk factors that maintain the infection in animals and the environment. Many 

epidemiological studies have already identified several risks which can be divided into those 

associated with the characteristics of the microorganism itself, those associated with its hosts 

and those associated with animal farm practices and management (Coelho et al.., 2015). 
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2.8.1. Risk factors associated with Brucella spp. 

As previously mentioned, Brucella abortus is the pathogen responsible for bovine 

brucellosis but is also affects other species such as camels, bisons, buffalo or elks. This ability 

to infect different types of hosts represents an important risk when it comes to maintaining 

this agent amongst the animal population. This is especially important in places where wild 

animals and cattle frequently interact and co-habit (Godfroid, 2002). 

2.8.2. Risk factors associated with the hosts 

Seroprevalence of brucellosis is known to vary in association with some variables that 

regard the hosts themselves, such as age, sex, species and breed. Regarding species and breed, 

both have been described as risk factors, as in farm animals small ruminants present a lower 

prevalence than large ruminants (Ahmed et al., 2010; Megersa, et al., 2011) and goats present 

a higher prevalence than sheep (Ahmed et al., 2010; Jackson et al.., 2004; Musallam et al., 

2015). 

Regarding gender, in ruminants and dog populations, females have higher probability of 

being infected than male (Neri et al.. , 1993; Muñoz et al., 2010; Talukder et al.., 2012). A 

possible explanation for this includes the microorganism’s tropism to fetal tissues and also the 

fact that males present prominent clinical signs such as orchitis and epididymitis, which may 

make them be discarded faster. In addition, there’s the fact that non-pregnant females don’t 

present the typical clinical signs, such as abortion and metritis and also there is the failure of 

observation of the females that do present signs of infection, in extensive herds for example. 

Another very important reason to support this higher prevalence in females is the fact that, 

after an initial immune response, these animals can become asymptomatic carriers as 

brucellosis infection turns chronic. 

Regarding age, cattle over 5 years old and small ruminants over 2 years old present a 

higher seroprevalence of brucellosis (Solorio-Rivera et al., 2007; Ashagrie et al., 2011; 

Sanogo et al., 2012; Borba et al., 2013). This is probably a result of the fact that susceptibility 

to infection is greater after sexual maturity and pregnancy. Also, adult older animals have had 

greater probability of contact with infected animals or with the environment. In other hand, 

young animals’ lower seroprevalence may due to the fact that they can be infected without 

clinical signs and serologic response can only last for one week. 
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2.8.3. Risk factors associated with herds and farm management 

It has been largely reported that the size of the herds has an influence on seropositivity, 

being that larger herds and flocks have increased odds ratio for seropositivity in cattle and in 

small ruminants (Muma et al., 2007; Petersen et al., 2013). A simple explanation for this fact 

is that probability of detecting at least one positive is greater as number of animals tested 

increases (Solorio-Rivera et al., 2007). Also, transmission of the disease may be higher due to 

the fact that in bigger herds, each animal has a contact with a bigger number of other animals 

(Reviriego et al., 2000). Bigger herds are also more likely to purchasing and movement of 

animals on and off the farm, which increases the probability of including an infected animal 

into the herd if these animals are of ‘unknown status’. Also, lower seroprevalence in smaller 

herds may relate to the fact that pastures are usually contiguous or near the farm, making 

contact with wild animals or animals from other herds reduced or inexistent. In addition, the 

small size of the spaces they occupy makes the process of cleaning and disinfecting easier and 

less time consuming for farmers. In smaller sized herds it’s also easier for farmers to observe 

individuals and be aware of clinical signs such as abortion. 

Another identified risk factor for brucellosis in some areas is the existence of different 

species in the same farm at the same time, because this represents multiple different sources 

of infection (Al-Majali et al., 2013; Muma et al., 2007). Stress conditions and closer contact 

between animals leads to a higher prevalence in animals from dairy farms, when compared 

with the ones in beef herds (Islam et al., 2013; Stringer et al., 2008). In addition, climatic and 

environmental conditions such as high humidity, low temperatures and absence of direct sun 

light have also been related to higher seroprevalence of brucellosis (Muñoz et al., 2010). 

Farmer’s knowledge has also been discussed as a risk factor, as older farmers and 

farmers that have experience with this disease, know how to identify the clinical signs, and 

are aware of the preventive measures can be a protective factor against brucellosis (Blasco, 

1997; Godfroid and Käsbohrer, 2002; Renukaradhya et al., 2002; Coelho et al., 2007). 

  

2.9. Control and Prevention 

Control and Prevention of animal brucellosis is not only a matter of diminishing the 

economic problems for farmers, it is also a matter of public health and preventing this disease 

amongst humans.  
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Eradication of brucellosis is the main target of control and eradication governmental 

programs all over the world. In these programs, government supports the execution of these 

programs either by financing equipment and technicians or by compensating farmers for their 

economic losses that result from these programs’ execution. 

2.9.1. Sanitary Prophylaxis 

There is a serious of rules and practices that can be implemented by farmers in their 

herds in order to prevent or to control the dissemination of brucellosis amongst animals and 

also prevent zoonotic infections. This includes being rigorous with personal hygiene, as well 

as with the hygiene of the animals, the facilities and all the equipment (Alton & Forsyth, 

1996). Proper manure removal as well as cleaning and disinfection of the facilities is 

essential. Avoiding communal pastures or paths that may imply contact with infected animals 

or environment is also very important. The farmers should also become more vigilant and 

aware at the time of parturitions. Increasing knowledge of the disease may empower farmers 

with more capability of applying good practices. 

Farmers must respect the government’s control and eradication in force that usually 

consists in test and removal procedures. These procedures include a diagnostic survey of this 

disease made using the Bengal Rose Test and Compliment Fixation Test techniques on blood 

samples drawn from the animals in question. If animals turn positive, it is mandatory that they 

should be slaughtered, and a post-mortem examination should be conducted in order to look 

for the existence of certain lesions and to take samples to later identify the agent (O.I.E, 

2012). 

Though the farmers are monetarily compensated for their losses related to the 

slaughtering of all the positive animals, some further restrictions will be applied to the herds 

in question. From that point on the herd must be submitted to several serological tests in a 

legally defined schedule until two consecutive negative results are achieved. Meanwhile, 

farmers are not allowed to move or transact animals. Fallowing procedures may also be 

considered (O.I.E, 2012). 

Brucellosis in humans is commonly a laboratory-acquired infection amongst veterinary 

technicians and laboratory staff. Therefore, Brucella spp. must be handled under biosafety 

level 3 practices for all manipulation of human or animal origin materials, cultures or 

experimental animal studies. A biosafety cabinet must be used to carry out any procedures 
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possible to produce aerosols and technicians must be wearing gloves and a laboratory coat or 

gown. (Coelho & Díez, 2015)  

2.9.2. Medical Prophylaxis 

Vaccination is the medical prophylaxis measure current available to prevent and control 

brucellosis in cattle. Currently, there are two vaccines available: Brucella abortus strain 19 

and Brucella abortus strain RB51. The Brucella abortus strain 19 vaccine is the most widely 

used and remains a reference to which other ones are compared. It is a live vaccine that can be 

administered subcutaneously or by conjunctival route which produces protection without a 

persistence antibody response. Administration may be done at an adult age but doing it while 

they are still calves reduces the risks of abortion and excretion in milk (Stevens et al., 1994). 

Despite the disagreements regarding its efficiency when compared to the S19 strain, the 

Brucella abortus RB51 strain has become the official vaccine for prevention of the disease in 

cattle in several countries worldwide (Corbel et al., 2002; Moriyón et al., 2004). Each country 

uses slightly different methods to administer the vaccine, but it is usually administered 

subcutaneously in calves and revaccination is usually carried out yearly, from 12 months 

onwards (Samartino et al., 2000). 

The vaccination against brucellosis and the commercialization of the immunogen is not 

allowed in Portugal. Therefore, at national territory, DGAV is responsible for authorizing 

commercialization and vaccine application (DGAV, 2017). For introduction of the vaccine in 

a farm, a written compromised protocol must be established between the official veterinary 

services and the farmer, with the collaboration of the private veterinarians of the OPP. 

Furthermore, the treatment of brucellosis positive animals is strictly forbidden by law 

(Decreto-Lei 244/2000).  

 

2.10. Objectives 

The objective of the present study was to assess the individual prevalence of bovine 

brucellosis in the northern east region of Portugal from de period of 2001 to 2016. As well as 

the identification of potential risk factors in cattle of this region. In order to unveil the 

potential causes of persistence of this disease, several aspects related to the animals, the farms 

and environmental characteristics were considered.  
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1. Materials and Methods 

1.1. Control of brucellosis at the farm level 

All cattle older than 12 months are subjected to annual serological testing by blood 

samples taking from the jugular vein using sterile tubes and allowed to clot at ambient 

temperature.  The two tests were carried out in series, in accordance with the herds’ 

brucellosis status. In herds not free from brucellosis, an animal was classified as positive 

when it was seropositive for antibodies against Brucella species via the Rose Bengal plate-

agglutination test (RBT), as described by (O.I.E, 2012). The complement fixation test (CFT) 

was used in all animals with a negative RBT. The animals were classified as positive if the 

CFT was positive. In flocks free or officially free of brucellosis, the CFT was the test used to 

decide whether the animal should be sacrificed, and an animal was classified as positive if 

both the RBT and the CFT were positive. The RBT sensitivity and specificity values were 

97.6% and 77.6%, respectively. The CFT sensitivity was 88.1% and was 100% specific 

(Blasco et al., 1994). Then, samples from several organs are taken at the slaughterhouse for 

bacteriological isolation. In infected livestock, special measures are performed at the farm, 

such as an epidemiological survey, cattle movement restriction and (at minimum) three 

serological tests within a 240-day period as defined in the national control program of bovine 

brucellosis (DGAV, 2017). As an additional measure, serological testing (a pre-movement 

test) is compulsory for all bovine older than 12 months; before they leave the farm. Also, 

calves younger than 12 months are slaughtered if they are the descendants of those cattle 

previously found to be positive.  

1.2. Data Collection 

The study was carried out in all cattle registered in the national animal health software 

(PISA.net) from 2001 to 2016 in the Trás-os-Montes e Alto Douro region. The data available 

consisted on farm identification, farm location, cattle identification number, main animal 

production, birth date, sex and blood sampling date.  

In the case of cattle with two or more blood samplings per year, only the data of the 

annual testing was considered. Cattle farm was considered brucellosis-positive when at least 

one animal had positive results in both RBT and CFT. The study of the risk factors of 

brucellosis, farm size was classified based on the number of animals per herd into groups (≤5 

animals; 6-10 and >10 animals). According to the main animal production, herds were 

classified as meat or milk herd if it had more than 50.0% animals that produced meat or milk. 

Regarding age, cattle were divided into three categories (0-3 years: young; 4-6 years: adult; 
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>6 years: old). Factors such as the existence of small ruminants commingled with cattle in the 

same farm, number of cattle farms in the same location and number or small ruminant farms 

in the same area were also considered.  

Due to the geographical characteristic of the region under study, sea level, mean 

annual pluviosity and mean annual temperature of each location were also studied. All 

geographical and climatic data were obtained from the site topographic-map.com and the 

reports of the Portuguese Institute for Sea and Atmosphere (IPMA) available online, 

respectively. 

1.3. Data analysis 

Animal prevalence was calculated in brucellosis-positive flocks. The influence of 

animal characteristics (sex, age), herd size, number of large and small ruminant herds in the 

same area and the presence of commingled small ruminant were assessed by chi-square test. 

Analyses were done with SPSS 22.0 software (SPSS Inc., Chicago) for Windows considering 

a probability (P) of less than 0.05 as statistically significant. 

Also, screening of variables for logistic regression was performed using univariable 

logistic regression between the dependent and independent variables. For logistic regression 

purposes, the status of each animal (positive/negative) was used as a dependent variable in 

order to identify any risk factors associated with the prevalence of the disease. All variables 

which showed p<0.05 at the 95% confidence level in the univariable analysis were 

subsequently introduced into a multivariable model (Hosmer, Lemeshow, & Sturdivant, 

2013). Potential risk factors significant at p<0.05 in the univariable analyses were then 

evaluated using stepwise regression to construct a multivariable model (Wald test stepwise p-

Wald value to enter <0.05). The logistic model was developed using the stepwise approach. 

Backward elimination followed by a forward selection for each variable at a time was done, 

using a likelihood ratio test at each step with 0.05 (two-tailed, alpha = 0.05) as significance 

level for removal or entry. The fit of the models was assessed using the Hosmer and 

Lemeshow goodness-of-fit test (Hosmer et al., 2013). The model was rerun until all 

remaining variables presented statistically significant values (p<0.05). The logistic regression 

coefficients (β) and their standard errors (S.E.β) obtained from the chosen model were used to 

calculate the adjusted odds ratios (OR) and their corresponding 95% confidence intervals. 
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2. Results 

2.1. Farm characterization and bovine brucellosis 

prevalence overview 

The results of the farm characterization (Table 1) 

revealed a total of 209692 animals studied belonged to 

6411 farms. According to the main animal production, 

meat production represents the 55.6% while dairy 

represents 44.6%. Meat cattle farms are based on 

Maronesa meat, a local cattle breed that afforded Carne 

Maronesa (Maronesa beef), a protected geographical 

indication (PGI). According to the farm size, 4144, 1467 

and 800 farms are composed by less than 5 head, from 6 

to 10 or over 11 head respectively. The high number of 

farms with less than 5 heads indicated its familiar-type 

management and consequently is low profit. Regarding 

brucellosis prevalence (Figure 1), a reduction about 12-

fold was observed along the study period.  

 

RBT – Rose Bengal Test; CFT – Complement 

Fixation Test. 

 

Figure 1. Bovine brucellosis prevalence from 2001 to 2016 in the Northeast of Portugal 
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

 Nº % 

Total cattle 209692 - 

Sex   

Female 204844 98 

Male 4848 2 

Main animal 

production 

  

Meat 116403 55.6 

Milk 93297 44.4 

RBT & CFT   

Positive 877 <1% 

Negative 208815 99% 

Age   

0-3 years 74623 35.6 

4-6 years 61376 29.3 

>6 years 73701 35.1 

Farm size   

Large (>10) 104206 50 

Medium (6-10) 32017 15 

Small (1-5) 73477 35 

 

Table 1. Characterization of the 

cattle population under study 
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2.2. Bovine brucellosis prevalence by herd size 

The decrease in the prevalence of brucellosis was also statistically significant (p< 

0.001) according to herd size (Table 2). The mean animal prevalence for large, medium and 

small herd was 0.37%, 0.30% and 0.47% respectively. Although prevalence of bovine 

brucellosis decreased along the study period, medium herds achieved displayed the best 

performance with a reduction about 26% from 2001 to 2016. In contrast, brucellosis 

prevalence in large and small herd only decreased about 5% in the same period. 

From 2001 to 2007, brucellosis prevalence was higher in large and medium herd than 

in small ones. However, an increase in prevalence observed in 2008-2009 was compatible 

with an increase about 2-fold of the bovine population of small herds.  

After 2010, brucellosis prevalence decreased associated to the decrease of the bovine 

population both for small and medium herds. Moreover, large animal herd increased about 4 

folds after 2010 but contrary as observed in 2008-2009, brucellosis prevalence large 

decreased. 
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Table 2. Bovine brucellosis prevalence (%) by herd size 

aPos: positive; bNeg: negative: cPrev: animal prevalence expressed in %; dC.I.: confidence interval. 

 

 

 

 

 

Large herds (> 10 head) 

 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

aNeg 
4161 4500 10640 9247 11443 6219 6248 1856 1043 8119 6636 7984 7984 7246 6832 4499 

bPos 
62 14 88 7 33 35 17 0 6 56 25 10 10 5 4 3 

cPrev 
1.49 0.31 0.83 0.08 0.29 0.56 0.27 0.00 0.58 0.69 0.38 0.13 0.13 0.07 0.06 0.07 

dC.I. 

1.50 -
1.48 

0.32-
0.30 

0.83-
0.82 

0.08-
0.07 

0.29-
0.28 

0.57-
0.56 

0.28-
0.27 

0.01-
0.00 

0.58-
0.57 

0.70-
0.68 

0.38-
0.37 

0.13-
0.12 

0.13-
0.12 

0.08-
0.06 

0.06-
0.05 

0.07-
0.06 

Medium herds (6-10 head) 

 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

aNeg 
1278 1719 3733 4132 3699 1400 1627 392 220 1931 1715 2180 2229 2233 2048 1393 

bPos 
21 3 11 13 1 5 5 0 0 8 7 3 1 3 1 6 

cPrev 
1.64 0.17 0.29 0.31 0.03 0.36 0.30 0 0 0.41 0.40 0.14 0.04 0.13 0.05 0.43 

dC.I 

1.65-
1.64 

0.18-
0.17 

0.30-
0.29 

0.32-
0.31 

0.03-
0.02 

0.36-
0.35 

0.31-
0.30 

0.01-
0.00 

0.01-
0.00 

0.42-
0.41 

0.41-
0.40 

0.14-
0.13 

0.05-
0.04 

0.14-
0.13 

0.05-
0.04 

0.44-
0.42 

Small herds (1-5 head) 

 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

aNeg 
3306 5409 9012 5398 4341 3888 3489 8927 10622 3060 2649 2848 2832 2531 2597 2149 

bPos 
86 64 28 11 1 11 5 72 122 4 3 1 1 4 3 3 

cPrev 
2.60 1.18 0.31 0.20 0.02 0.28 0.14 0.81 1.15 0.13 0.11 0.03 0.03 0.16 0.12 0.14 

dC.I 

3.43-

2.50 

1.96-

1.02 

1.08-

0.15 

0.98-

0.04 

0.80-

0.00 

1.06-

0.12 

0.92-

0.00 

1.58-

0.64 

1.92-

0.98 

0.90-

0.00 

0.89-

0.00 

0.81-

0.00 

0.81-

0.00 

0.93-

0.00 

0.89-

0.00 

0.91-

0.00 
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2.3. Bovine brucellosis prevalence by main animal production 

Regarding the main animal production (Table 3), prevalence of brucellosis in meat 

and dairy herds under the study period was 0.75 and 0.23 respectively (p<0.001). Although 

prevalence in both groups decreased along the study period, the reduction of bovine 

prevalence in dairy herds is associated to the decrease of the dairy population as a whole. The 

increase of meat herds, mainly in the period 2012-2015, didn’t increase the prevalence value 

and a reduction of about 30% was achieved in comparison to the year previous to the referred 

period. However, prevalence of brucellosis after increased 2-fold from 2015 to 2016, even 

though meat herd population decreased about 30%. 

 

Meat 

 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

aNeg 432 4644 9181 9363 8948 5828 5716 5904 6763 8481 7542 9458 9066 9209 9174 6123 

bPos 24 46 43 26 26 50 17 70 12 67 34 13 7 10 7 11 

cPrev 5,56 0,99 0,47 0,28 0,29 0,86 0,30 1,19 0,18 0,79 0,45 0,14 0,08 0,11 0,08 0,18 

dC.I. 5.58-5.53 

1.01-

0.97 

0.49-

0.45 

0.30-

0.26 

0.31-

0.27 

0.88-

0.84 

0.32-

0.28 

1.21-

1.16 

0.20-

0.16 

0.81-

0.77 

0.47-

0.43 

0.16-

1.12 

0.10-

0.06 

0.13-

0.09 

0.10-

0.06 

0.20-

0.16 

Dairy 

 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

aNeg 8313 6984 14204 9414 10535 5679 5648 5271 5122 4629 3458 3554 3241 2718 2303 1918 

bPos 145 35 84 5 9 1 10 2 8 1 1 1 0 2 1 1 

cPrev 1,74 0,50 0,59 0,05 0,09 0,02 0,18 0,04 0,16 0,02 0,03 0,03 0,00 0,07 0,04 0,05 

dC.I. 1.74-1.75 

0.51-

0.49 

0.60-

0.58 

0.06-

0.05 

0.09-

0.08 

0.02-

0.01 

0.18-

0.17 

0.04-

0.03 

0.16-

0.15 

0.03-

0.01 

0.04-

0.02 

0.04-

0.02 

0.01-

0.00 

0.08-

0.07 

0.05-

0.04 

0.06-

0.05 

aPos: positive; bNeg: negative: cPrev: animal prevalence expressed in %; dC.I.: confidence interval. 

 

 

 

 

Table 3. Bovine brucellosis Prevalence (%) by main animal production 
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2.4. Multivariable logistic regression analysis 

Multivariable logistic regression analysis (Table 4) showed the five variables 

associated (p<0.05) with the prevalence of antibodies for brucellosis. The β coefficient, 

standard error, odds ratios and the 95% confidence level for the factors are presented in Table 

4. Those factors which remain in the model after adjustment are: “Herd size”, “Age”, 

“Existence of commingling small ruminants”, “Season” and “Altitude”. Small herds displayed 

higher risk of being seropositive (OR=1.48, 95% CI 1.29 to 1.71). Also, the logistic 

regression model showed that young animals presented higher odds (OR=1.49, 95% CI 1.24 

to 1.69) of being seropositive to brucellosis than older animals. The odds (OR=1.59, 95% CI 

1.29 to 2.04) for seropositivity were higher in cattle commingled with small ruminants. The 

odd ratio for a positive test increased in hot season (OR=1.85, 95% CI 1.59-2.15). Also, high 

altitude (OR=2.38, 95% CI 2.07 to 2.73) resulted as a risk factor for positive results for 

bovine brucellosis.. 

 

Table 4. Results of a multivariable analyses of studied factors in relation to brucellosis 

seropositivity in bovines herds the Northeast of Portugal. 

Variables 
a
β Measures of 

variation 

Wald’s p 
c
OR 95% 

d
CI 

Herd Size 

Large - - - 1 - 

Small 0.393 0.072 0.000 1.48 1.29-1.71 

Age 

Older - - - 1 - 

Young 0.370 0.079 0.000 1.45 1.24-1.69 

Existence of commingling small ruminants 

No - - - 1 - 

Yes 0.463 0.127 0.000 1.59 1.24-2.04 

Season 

Cold - - - 1 - 

Hot 0.612 0.077 0.000 1.85 1.59-2.15 

Altitude 

Low/Medium - - - 1 - 

High 0.866 0.071 0.000 2.38 2.07-2.73 
a
 β: logistic regression coefficients; 

b
 S.E.β: standards error; 

c
 OR: odds ratio; 

d
 C. I.: confidence interval. 

 

 



 

44 

 

3. Discussion 

Brucella abortus is the main etiological agent of brucellosis in cattle. However, other 

species, such as Brucella melitensis and Brucella suis, can rarely infect cattle (Olsen & 

Tatum, 2010). Since brucellosis can spread easily in herds and from herd to herd, the 

eradication of brucellosis in cattle is necessary to guarantee the animal health and the free 

movement and commercial trade. Also, its control is also necessary to avoid zoonotic 

outbreak (Facciolà et al.., 2018). Although human outbreaks are unusual, brucellosis still 

represents an issue for professionals such as veterinarians, farmers or slaughterhouses workers 

(Kutlu et al.., 2014). In cattle, as well as other livestock species (i. e. sheep and goats), the 

infection causes heavy economic losses resulting from clinical disease, abortion, neonatal 

losses, increased calving intervals, reduced fertility, decreased milk production, increased 

culling rates because of metritis and the emergency slaughtering of infected animals. In 

addition, the disease is an impediment to free animal movement and trade. In Portugal as well 

across Europe, control of bovine brucellosis is mandatory (Decreto-Lei 244/2000). Thus, the 

application of specific measures adapted to the region and farm management is necessary to 

achieve the total eradication of the disease. Currently, south region of Portugal is recognized 

by the European Union as brucellosis free area (Decisão de Execução da Comissão Europeia, 

2012). However, the rest of Portugal is not classified as officially free due to the persistence 

of positive cattle. The implementation of a brucellosis control program based on test-and-

slaughter has shown to be a successful measure that displays a reduction of the brucellosis 

prevalence. Still, some variations have been observed in the last years of the study period in 

which prevalence values dropped 50% in 2013 and 2015 and yet increased 2-fold in 2014 and 

2016. Although these variations are difficult to explain, it can be related to the farmers´ 

decision in slaughter the entire herd. Thus, it may explain the decrease of prevalence in the 

following year.  

Regarding flock size, brucellosis prevalence differs among them up to 2012. Thus, 

brucellosis prevalence in small herds was, on average, 2-fold and 1.5-fold compared to 

medium and large herds. In addition, smaller sized herds presented higher odds of being 

seropositive. These facts may be related to management of the farm in the study area, that is 

characterized by herds with low head number, familiar type-management and extensive meat 

production (Díez & Coelho, 2013). Cattle from small herds usually grazes on pastures 

properties of the farmer, near or contiguous to the farm. Although this practice should avoid 

contact with other cattle, the need of several different pasture areas to feed cattle implies the 
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utilization of common paths and therefore contact of cattle from premises to pastures with 

other cattle is frequent, increasing the odds of infection.  

Farmers of this type of herds presented, on average, over 60 years and low technical 

knowledge as reported by (Díez et al., 2015). Thus, lack of veterinary technical support and 

absence of biosecurity measures (i.e. prophylactic programs) may be related to the higher 

prevalence in these cases. In small herds, manure is usually used as organic fertilizer, so the 

scarce frequency of its removal associated to the scarce mechanical equipment and age of 

farmers increase the persistence of the agent in the environment and, subsequently, the odd of 

contamination. The application of a biosecurity plan is essential to the control of brucellosis, 

as in other diseases even in small farms. These plans include measures like movement control, 

cleaning and disinfection, reproductive management, and veterinary treatments, among 

others; however, the implementation of a biosecurity plan is not compulsory. Also, in medium 

herds, the need of large pasture areas (i. e. extensive management) implies the utilization of 

communal pasture areas that implies contact with other herds (de Alencar Mota et al., 2016). 

Along with that, the existence of parturitions on grazing areas due to absence of a proper 

reproductive management as well as the existence of abortion increases the risk of infection 

by brucellosis in those areas. However, the absence of reduction of brucellosis prevalence 

even with a decrease in the cattle population indicates that efforts should be aimed to the 

verification of biosecurity measures, farms practices and farmers´ knowledge. Besides, 

persistence of positive cattle with low animal prevalence values indicates that other potential 

sources of infection should be investigated. Thus, control of communal pastures areas or 

implementation of surveillance program of wild animals among others may improve the 

performance of the national control program to achieve the eradication.  

Low brucellosis prevalence in large herds may be explained by the increase of 

technical conditions both by farmers´ education and veterinary management. Since cattle from 

large herds is raised in intensive conditions, the absence of contact with other animals as well 

as the less need of share of communal pastures and paths may influence the low prevalence 

values. Also, outbreaks of cattle brucellosis in these farms imply large economic losses due to 

movement restriction, so the motivation to implement and maintain good farm practices such 

as biosecurity measures, veterinary prophylactic programs or reproductive programs are 

compatible with the low prevalence observed in these cases. Higher rate of animal trade has 

been described as a risk of brucellosis in large farms (de Alencar Mota et al., 2016), however, 

the lower prevalence observed in those farms could be related to the compulsory pre-
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movement test performed and the implementation of replacement schemes.  Regarding animal 

production, higher prevalence of brucellosis in meat cattle is expected since it represents the 

main animal production. Thus, farm management and the production characteristics of herds 

in the study area previously described (extensive management and low economic profit) may 

explain these results. Lower prevalence of brucellosis in large herds could be associated to the 

intensive management in which both feedlots and dairy cattle stay at farms avoiding contact 

with other herds decreasing the odd of infection. Since an outbreak of brucellosis implies 

large economic losses related to abortion, neonatal losses, increased birth intervals, reduced 

fertility, decreased milk production, increased culling rates, emergency slaughtering of the 

infected animals, cattle movement restriction and lower sale price of the milk, the 

implementation of good farm practices and biosecurity measures is essential.  

Commingling small ruminants with cattle was identified as risk factor for cattle. This 

can easily be explained by the fact that cattle can be infected not only with B. abortus, but 

also with B.melitensis, which is the main responsible etiological agent for brucellosis in small 

ruminants. Since prevalence of small ruminant brucellosis is higher than prevalence in cattle 

in the study area, this may explain the results (Coelho, Díez & Coelho, 2013). Therefore, the 

contact with sheep and goats may in this region represent an important risk of infection by B. 

melitensis in cattle. 

Logistic regression also indicated higher the odds of seropositivity in young cattle (<6 

years. This can be related to the farm management in the study area in which, cattle is usually 

slaughtered earlier on in their life. Also, being that the early detection of positive animals is 

one of the main objectives of the control and eradication programs, this explains that positive 

animals are likely young because the ones that do test positive are slaughtered in consequence 

of that fact.  However, the existence of positive animals older than 6 years old is still a 

concern. Although it is difficult to explain, those animals can be infected at older age, but it 

could also be that they could have been infected some years prior, but they had never been 

detected by the routine RBT and CT in the annual surveys  

Regarding season, the higher odds in hot season that includes spring and summer 

could be related to the favorable survival conditions of Brucella spp. in the environment. 

However, research about survival of Brucella spp. in the environment is scarce (Aune et al., 

2012). Optimal growth temperature for these bacteria is 37
o
C (25ºC to 40ºC). Indeed, average 

temperatures within this range are more frequent and constant in the hot season, in the region 

under study. During the cold season, average temperatures are usually lower than 20
o
C. On 
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the other hand, environment relative humidity and solar exposure in spring and summer are 

lower and higher that cold season respectively, which is proved to have a negative effect on 

the survival of Brucella spp. Also, higher odd for seropositivy in cattle during the hot season 

could be associated to the more exposure of cattle to contaminated fetal membranes and/or   

vaginal discharges in the pasture area since this season coincides with the peak parturitions 

and abortions of sheep and goats as suggested by (Corbel, 2006). 

Altitudes equal or higher than 800 meters have also shown to increase the odds of 

seriopositivity in this study. In the few studies done about brucellosis risk factors that include 

this factor, altitude’s influence has not been shown to have a statistical significance (Thimm, 

1982; Ibrahim et al., 2010; Muñoz et al., 2010; Megersa et al., 2011). Current research 

showed that in Mexican free-range goats, areas with low sea-level are a risk factor of 

brucellosis seropositivity (Mellado, 2016). Therefore, the influence of altitude is still not clear 

and could vary depending on each specific location, amongst other particularities. However, 

the specific characteristics of the region under study, makes that higher odds in areas over 800 

meters above the sea-level may be related to the contact of cattle and small ruminant (and 

even with game) that rear in communal mountain pastures.  
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PART III: 

CONCLUSION 
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Brucellosis is an important worldwide re-emerging zoonosis with a high impact in 

both animal and human health. Achieving the goal of eradicating brucellosis is only possible 

through the most complete and accurate understanding of the disease itself. It takes a merger 

of various team efforts and views of this problematic. Health education programs as well as 

safe livestock practices obtained through increasing public awareness are key to the 

prevention of this disease. In addition, prevention is a most effective and important aspect on 

the control process of any infectious disease; and in order to enable it one must be 

knowledgeable of the risk factors that potentiate its prevalence. The main objective of this 

study was to contribute to the knowledge of the prevalence and risk factors of brucellosis in 

cattle, in this particular region, in order to somewhat contribute to the adequacy of the 

governmental control and eradication program for brucellosis. Furthermore, the specificities 

demonstrated by this study regarding these risk factors had the objective of being taken in 

consideration also in throughout the work of veterinary technicians and farmers of this region. 

Results showed a reduction of about 12-fold in prevalence (p<0.001) along the study 

period. Also, the prevalence for small sized herds (0,47%) was higher than in medium 

(0,30%) and large (0,37%) herds. Furthermore, prevalence (p<0.001) of brucellosis in meat 

cattle (0.75%) was higher than in dairy herds (0.23%), under the study period. In addition, 

multivariable logistic regression (p<0.05) showed that characteristics such as “small size 

herds” (OR = 1,48), “young age” (OR = 1,45), “the existence of commingling small 

ruminants” (OR = 1,59), “hot season” of spring and summer (OR = 1,85), and herds living at 

an “altitude” equal or higher than 800m (OR = 2,38) are risk factors for bovine brucellosis. 

The identification of these risk factors and their potential relationship with bovine brucellosis 

showed the importance of the contact of cattle with infected small ruminants in the control of 

bovine brucellosis.  

This study will hopefully provide an insight of what legal and technical changes might be 

effective in the future control and eradication programs. It may also be useful to health 

professionals on how to advise farmers towards better practices, as well as of how to guide 

and direct future research on this matter. 
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ANEXO I  

Póster apresentado nas VII Jornadas de Bovinicultura da IAAS-UTAD 

 


