
 
 
INTRODUCTION 
 
Brucellosis continues to cause significant medical, veterinary and socioeconomic problems and due to the 
importance of brucellosis as one of the major global zoonotic diseases and the huge economic impact of the 
disease on livestock production, extensive research is being carried out on an ongoing basis particularly in mouse 
and human cell models. 
 
These bacteria do not produce classical virulence factors, and their capacity to successfully replicate within a 
variety of host cells, to persist for prolonged periods within host cells and to evade the host immune response at 
the same time underlies their pathogenicity. 
 
The outcome of Brucella sp infection in man or domestic and wild animals is dependent on both the species of 
Brucella involved and the host, as Brucella spp are host restricted. The establishment of infection in hosts is 
influenced by factors such as the infective dose and the size, age, sex, general health, reproductive status and 
immune status of the host.   
 
There are many similarities between human and animal brucellosis including the phenomena of persistence in 
mononuclear phagocyte system tissues including the spleen, liver, lymph nodes and bone marrow.  In both 
humans and animals, bacteria can target the skeletal system as well as the female and male reproductive tract. 
Infected animals may also become carriers and continuously shed bacteria for many years. 
 
In the previous article an overview was given on the different Brucella spp and the diseases they cause in man and 
animals on a global scale and in this article we will focus on the pathogenesis which is pertinent to the 
appreciation of diagnostic and control challenges. 
 
 
Portals of entry 
 
Transmission between animals is established through direct contact with aborted foetuses, reproductive tract 
discharges and milk, as very high numbers of bacteria are present in all of these.   The most important portals of 
entry in all hosts are therefore the nasal and oral mucosa, from where the organisms are drained to the regional 
lymph nodes. Epidemiologic studies have suggested that the majority of human cases are caused by foodborne 
infection and less commonly by aerosol exposure.  
3e organisms entering the intestinal tract encounter the macrophages, dendritic cells (DCs), B-lymphocytes, and 
T-lymphocytes found in Peyer’s patches. Studies in mice and calves, revealed that B. abortus localizes in the 
lamina propria underlying Peyer’s patches thus suggesting these as an entry point.  
 
The plasma membrane of cells contains combinations of glycosphingolipids and protein receptors organized in 
glycolipoprotein microdomains termed “lipid rafts” and these lipid rafts are probably involved in the entry of 
brucella spp into certain macrophages mediating an endocytic pathway which avoids fusion with lysosomes.  
Brucella spp are thus able to invade silently or go unnoticed by the innate immune system of the host.  
Bacteraemia follows and the organisms then localize in other lymphoid tissues such as the spleen and the iliac, 
mesenteric and supra-mammary lymph nodes.  At these sites they may induce granulomatous inflammation 
particularly in human and mouse models.   
 
A second phase of dissemination may result giving rise to more generalized infection and during this phase other 
organs, such as the pregnant uterus and the udder, as well as their associated lymph nodes seem to be the target 
organs in animals while in humans any organ can become infected. Aborted foetuses, foetal membranes and fluids 
contain high bacterial loads and therefore cause environmental contamination, resulting in a high risk of infection 
to susceptible hosts. 
 
In respiratory tract infections the alveolar macrophage is a major target cell in the lung for replication of B. 
abortus.  Alveolar macrophages and, to a lesser extent, migratory DCs transport B. abortus from the lungs to the 
draining mediastinal lymph nodes. 
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In vitro, B. melitensis seems to utilize polarized human enterocyte monolayers containing microfold (M) - like cells 
as one possible route by which Brucella spp. disseminate from mucosal surfaces. 
 
Intracellular survival 
 
Facultative intracellular pathogens are characterized by the ability to have an intracellular phase in the host, which 
is required for pathogenicity, while capable of extracellular growth in vitro. Brucella spp are facultatively 
intracellular bacteria that efficiently colonize cells of the monocyte/macrophage lineage, where they can replicate 
to very high numbers.  Other main cell types involved are DCs, epithelial cells and trophoblastic cells.   Dendritic 
cells capture and transfer information from the outside world to the cells of the adaptive immune system and are 
antigen-presenting cells with a unique ability to induce primary immune responses.Dendritic cells are also 
important in the induction of immunological tolerance. 
  
Cultured epithelial (HeLa and HEp-2) cells and THP-1-derived macrophages have been studied with regard to the 
ability of Brucella organisms to bind to extracellular matrix proteins (ECM) and this may also represent a 
mechanism for spread within the host tissues. 
 
Bovine trophoblastic cells are the first cells to differentiate during embryogenesis and play a pivotal role in 
morphological and physiological development of the placenta. The establishment of pregnancy requires 
communication between the developing conceptus trophoblast cells and the uterine epithelium cells or 
endometrium. 
 
Being a Gram-negative bacterium, Brucella sp have an outer membrane containing lipopolysaccharides (LPS) 
which may be smooth or a mutant rough LPS.  Considering that the outer membrane is the first site of contact 
between host cells and the bacterium, LPS compounds may, in general, be recognized by immune cells which then 
mount an efficient antibacterial response.  The LPS of Brucella seems to be able to avoid these mechanisms and it 
reduces binding of complement to the bacterial surface and does not induce pro-inflammatory responses in mice. 
 
Brucella strains found in human infections are generally characterized by a smooth LPS. B. abortus, B. melitensis 
and B. suis strains whose mutation results in a ‘rough’ phenotype were found to be avirulent in cellular or animal 
infection models. Rough strains were found to induce more cytokine and chemokine production than their smooth 
counterparts. They induce maturation of human DCs and their Brucella containing vacuoles (BCV) fuse more 
frequently with lysosomes.  Fusion with adjacent phagosomes to form large communal vacuoles has also been 
described. Rough strains also showed an increased attachment to and uptake into monocytes and macrophages 
suggesting that they may enter cells upon interaction with receptors different from those involved during uptake of 
smooth strains 
 
All cells have the ability to sort proteins to different intracellular compartments and many diseases are caused by a 
failure of certain proteins to be sorted properly in the endocytic and/or secretory pathways. The movement of 
proteins within these pathways is known as trafficking. 
 
Once Brucella sp are established inside the host cells they are found within membrane-bound compartments 
known as BCVs which form from the endoplasmic reticulum.  In reaching BCVs, Brucella organisms transiently 
interact with different compartments of the endocytic pathway. Avirulent mutants (e.g. lacking a functional VirB 
T4SS) are degraded in phagolysosomes, whereas wild-type Brucella strains are capable of controlling fusion with 
late endosomes and lysosomes and instead interact with the endoplastimc reticulum (ER) exit sites and efficiently 
replicate in ER-derived phagosomes. Many of the molecular mechanisms that enable Brucella to initiate fusion with 
the ER still remain to be investigated.  It was demonstrated that Brucella modulates secretory trafficking via 
multiple T4SS (Type IV Secretory System)- effector proteins that likely act in a coordinated fashion to promote 
Brucella survival and replication.  There are eleven Brucella proteins translocated to host cell of which at least 5 
are translocated in a VirB T4SS dependent manner.  Clathrin has been reported as an essential molecule that 
facilitates the interaction of BCVs with Rab5.  This seems to play a role in the regulation of fusion between BCVs 
and intracellular compartments allowing bacteria to reside within safe replicative subcellular locations. 
 
The ER seems to be an important source of membrane for replicating bacteria and to create an environment 
suitable for Brucella sp replication.  BCVs may therefore behave as ‘extensions’ of the ER.   Brucella sp have been 
observed in ER-associated compartments in placental trophoblasts from tissue obtained from B. abortus infected 
cattle and goats 
Most studies were confined to B. abortus, B. melitensis or B. suis strains and similar studies of  the newly 
described Brucella sp strains therefore still need to be performed. 
 
Once located in BCVs the bacterium controls trafficking along the endocytic and secretory pathways.  Not only 
Brucella spp but also other pathogens such Legionella pneumophila, Chlamydophila spp and Salmonella enterica 



serovar Typhimurium target several compartments of the secretory pathway to promote their replication. 
 
The BCVs undergo interactions with early endosomes, which occur immediately after internalization and are very 
transient. These early BCVs are enriched in cholesterol and flotilin-1, a protein involved in lipid raft signalling 
associated with phagosome maturation and interaction with the endocytic pathway.   Ninety percent of BCVs will 
become phagolysosomal and bacteria will be degraded.  
 
During the phase of maturation along the endocytic pathway, the BCVs become acidified and acquire late 
endosomal markers such as Rab7 and LAMP1.   
Acidification of BCVs seems crucial for Brucella survival within host cells and essential for diversion of intracellular 
trafficking. Inhibition of BCV acidification at early stages of the phagosome maturation for, usually, one hour 
completely abolishes intracellualar replication amongst the marine species of Brucella spp. Some strains of B. ceti 
and B. pinnipedialis were able to replicate within human macrophages to the same level as B. melitensis.  In 
contrast other strains were cleared within 48 h or were not phagocytosed at all.  It seems that B. microti is able to 
replicate more efficiently than the virulent B. suis in human and mouse macrophages and it was shown to be more 
lethal in mice 
 

 

 
The secretory pathway is responsible for the synthesis, modification and transport of proteins and lipids.This 
pathway is known to take place in successive membrane-bound compartments including the  ER, ER-to-Golgi 
intermediate compartment (ERGIC), Golgi apparatus, trans-Golgi network (TGN), and the plasma membrane. 
Secretory products are selected and transported from ER exit sites (ERES) to the Golgi apparatus.  This is directed 
and initiated via COPII and COPI coat complexes, which are regulated by Rab-family and ARF-family small 
GTPases.   
 

Figure  1  A:  Schematic  of  Brucella  entry  and  intracellular  trafficking  in  host  cells  from  “Internal  
affairs:  investigating  the  Brucella  intracellular  lifestyle”-  Kristine  von  Bargen  et  al



The so-called phagosome to which Brucella spp have adapted is termed their natural living niche. This niche 
isolates the pathogen from certain cytoplasmic nutrients and consequently allowing adaptation to the stress 
conditions encountered and the use of anaerobic respiration enable Brucella to replicate within the compartment 
that they create.  
 
Alveolar macrophages are thought to play an important role as a replicative niche and in the initial containment of 
the bacterial load in the lung. In the absence of alveolar macrophages, both CD11b- and CD103-positive lung DCs 
become activated following infection, and there is significant recruitment of iNOS and TNFa-producing monocyte-
derived inflammatory DCs.  Alveolar macrophages are then contributing to the containment of the inflammatory 
response and reduction of tissue damage in the lungs during pulmonary infection. Further work is necessary to 
understand how the interplay between Brucella and these two phagocytic cells, macrophages and DCs, determines 
disease outcome in vivo. 
 
Brucella sp were found to proliferate efficiently within human and mouse DCs and, in vitro, intracellular replication 
within these cells is thought to most probably result in a compromized ability to induce an appropriate immune 
response,  which may in turn contribute to the development of a chronic infection.  Infection of these cells also 
results in production of low levels of pro-inflammatory cytokines and increased expression of co-stimulatory 
molecules, as well as MHC class II, on the surface of mouse and human DCs.  
 
It is suspected that DCs  may have migratory properties and that these cells may be involved in the systemic 
dissemination of Brucella during infection. In mice, infected DCs were observed in the lung-draining mediastinal 
lymph nodes following intranasal inoculation with B. abortus. 
 
Trophoblasts are a primary cellular target for Brucella in the natural host.  However, little is known about the 
infectious process in these cells. High concentrations of erythritol, which is a favoured carbon source for Brucella, 
have been shown to stimulate the growth of B. melitensis and B. abortus.  In ruminants, placental trophoblasts 
produce substantial amounts of erythritol in the third trimester and therefore erythritol may contribute to 
exacerbated replication of Brucella and subsequent abortion or stillbirth of the infected foetus, predominantly 
occurring during the third trimester.  This hypothesis, however, has not been proven beyond doubt as the growth 
of most strains of B. abortus organisms are generally inhibited by the presence of erythritol, and tolerance to 
erythritol by some strain variants may be the cause of occasional persistent infections and abortions.  Some 
strains, including B. abortus vaccine strain 19, are not stimulated by erythritol, even though they are capable of 
causing genital infections and abortions.  
 
When the bacteria invade trophoblasts, they have to cope with conditions such as low oxygen availability.  Brucella 
sp regulate gene expression in response to low oxygen tension and two high-oxygen-affinity terminal oxidases, 
namely cytochrome C and bd ubiquinol, are induced and are required for intracellular survival of B. abortus and B. 
suis.  Another strategy for anaerobic respiration in this pathogen is the use of nitrate as an electron acceptor 
rather than oxygen.  Recently a FixL-like sensor FlbS of Brucella abortus which binds haem and which is necessary 
for survival within eukaryotic cells has also been described. 
 
Antimicrobial defence mechanisms developed by phagocytes include an oxidative burst and acidification of 
phagosomes, or fusion of phagosomes with lysosomes, to eliminate pathogens. It has been reported that in 
human macrophages  phagosomes may rapidly acidify to a pH of 4,0 to 4,5  following infection with B. suis. 
Facultative intracellular bacteria have developed strategies to counteracting these host cell defences mechanisms 
to allow for intracellular survival.  
 
It has been quoted that over 90% of organisms taken up by macrophages are killed soon after being 
phagocytosed, however, small numbers of bacteria establish an intracellular environment that is favourable for 
replication without affecting the survival of the phagocytic cells.  Activated macrophages are more efficient at 
killing intracellular Brucella, but wild-type virulent bacterial strains are still able to replicate, albeit at later time 
point, after infection. 
 
Opsonization involves the binding of an opsonin, e.g., antibody, to an epitope on an antigen. After opsonin binds 
to the membrane, phagocytes are attracted to the pathogen Brucella sp which are both antibody and complement-
opsonized may survive and replicate within macrophages. Entry of non-opsonized organisms into both mouse 
macrophages and human monocytes is mediated by the lipid rafts, and uptake of organisms in human DCs was 
also shown to be partially dependent on lipid rafts. Receptors which have been proposed to mediate lipid raft-
dependent internalization of Brucella by macrophages include the class A scavenger receptor and the cellular prion 
protein PrPc. Cyclic glucans have also been investigated and all the functions of periplasmic cyclic glucan in the 
physiology of bacteria and during infection are not yet fully understood.   Cyclic ß-1,2-glucan has been proposed 
to modify cholesterol-rich lipid rafts present on the BCV membrane and control BCV maturation in both epithelial 
cells and macrophages.  Brucella sp strains produce periplasmic cyclic ß-1,2-glucans (CßG) and it is reported that 
strains which are defective in CßG synthesis have a decreased survival in mice and do not replicate in HeLa cells or 



mouse peritoneal macrophages. However, it has been reported that cyclic glucan does not always seem to be 
required for Brucella sp replication in DCs. 
 
Once Brucella sp has established their replicative niche within host cells, extensive replication occurs without much 
disruption of host cell integrity.  However, it still remains unknown what happens after bacteria have reached high 
numbers within host cells and how these bacteria exit from these host cells and how they spread from cell-to-cell.  
Low level replication is observed in some cells and it is not clear whether or not this may actually constitute an 
important reservoir for Brucella sp during chronic stages of infection. 
 
Avoidance of the immune system 
Apart from intracellular bacterial multiplication, infection may also result in interference with the function of 
macrophages.  Brucella spp make use of both passive and active mechanisms to evade the initial innate immune 
recognition through toll-like receptors (TLRs). Avoidance of TLR recognition therefore seems to be a key factor in 
the lack of initial inflammation during Brucella sp  infection, but all the  interactions of Brucella sp with the host 
immune system, and how this results in chronic disease, is still reported to be poorly understood.  
Lipopolysaccharide (LPS) from B. abortus reduces the capacity of mouse macrophages for antigen presentation 
and subsequent T cell activation.  It was also observed that unidentified factors in Brucella sp specifically act on 
human, but not on mouse, macrophage-like cells to inhibit TNFa expression. 
 
Interferons (IFNs) are proteins made and released by host cells in response to the presence of pathogens such as 
viruses, bacteria, parasites or tumor cells. They allow for communication between cells to trigger the protective 
defenses of the immune system that eradicate pathogens. IFNs belong to the large class of glycoproteins known 
as cytokines. Interferons “interfere” with viral replication within host cells, activate immune cells, such as natural 
killer cells and macrophages, increase recognition of infection by up-regulating antigen presentation to T-
lymphocytes and they increase the ability of uninfected host cells to resist new infection. About ten distinct IFNs 
have been identified in mammals of which seven have been described in humans. They are typically divided 
among Type I, Type II and Type III IFN.  
In monocytes/macrophages of human origin it was found that B. abortus inhibits the IFN-c induced expression of 
the FccRI receptor and FccRI-mediated phagocytosis.   
 
Xavier et al (2003) quotes that the initial interferon gamma (IFN-c) mediated Th1 immune response is critical for 
the control of Brucella sp infection.  In the absence of IFN-c there seems to be decreased control of bacterial 
growth and IFN-c-deficient C57BL/6 mice succumb to overwhelming disease. 
 
Interleukin-10 (IL-10) is an immunoregulatory cytokine produced by most T-cell subsets, B-cells, neutrophils, 
macrophages and some dendritic cell subsets may, by acting on antigen-presenting cells such as macrophages, 
inhibit the development of Th1 type responses. It seems that hosts infected with pathogens use IL-10 to control 
the development of over-exuberant immune responses in order to limit tissue damage. In studies into infections 
by chronic pathogens such as Leishmania major, human cytomegalovirus, or Mycobacterium tuberculosis it was 
found that the absence of IL-10 leads to a better clearance of these pathogens, with variable degrees of 
immunopathology.  Furthermore, these studies suggest that these pathogens have developed mechanisms to take 
advantage of the host immune-regulation in order to persist for longer periods and establish chronic infection.   
 
Xavier et al in one of their recent studies found early IL-10 production by CD25+CD4+ T-cells modulates 
macrophage function and contributes to an initial balance between pro-inflammatory and anti-inflammatory 
cytokines promoting enhanced survival and persistent infection by Brucella abortus in mice. 
 
Mechanisms that prevent activation of the host innate immune system have been studied in Brucella infections.  It 
has been reported that Toll/interleukin-1 receptor (TIR) domain-containing protein prevents Toll-like receptor 
(TLR) 2 signalling by interfering with MyD88. It also inhibits DC maturation, cytokine secretion and antigen 
presentation.   
 
It is also proposed that Brucella abortus modulates the innate immune response in trophoblastic cells. This is 
achieved by suppression of the expression of pro-inflammatory mediators during the early stages of infection. A 
delayed and mild expression of pro-inflammatory chemokines in the placentomes of experimentally infected cows 
has been demonstrated. 
 
Long term persistence in host 
The generation of a mild inflammatory response and typically granulomatous inflammation, as seen in mice and 
humans, as the presence of small granulomas in liver, spleen, bone marrow or other tissues targeted by bacteria 
contributes to long term persistence.  This is thought to be an attempt by the host to wall off bacteria that have 
been taken up but cannot be killed by macrophages as the T4SS-mediated macrophage response is not sufficient 
to eliminate bacteria from the lesions.  Although this granulomatous response 
is well documented in the clinical literature, little is still in fact known about the pathogen or host mechanisms that 



lead to this characteristic pathology. 
 
Survival outside the host 
Although the strategies for survival by this pathogen have been mostly studied within eukaryotic cells it is known 
that it can survive for long periods in soil, dust, slurry, water and meat. Bacteria, which colonize different surfaces 
and invade susceptible hosts to cause chronic infections are known to grow in biofilms.  Bacteria may produce an 
extracellular matrix which is mostly composed of exopolysaccharides. Matrix-producing cells are more resistant to 
desiccation and promote the development of biofilms.  The latter surrounds them and plays a key role to keep 
them hydrated and adherant to inert or biological surfaces. Bacteria may also be protected from interaction with 
substances such as antibiotics, antibodies, and disinfectants. Studies are underway to identify the components of 
the extracellular matrix and the genes involved in their synthesis and transport.  One such study demonstrated 
that starved B. abortus grown under microaerobiosis produce extracellular matrix, autoaggregate, move, and 
adhere to abiotic surfaces without the involvement of VjbR, the lipopolysaccharide-O antigen, cyclic ß-1,2-glucans 
(CßG) or flagella.  
 
Which one of the following statements are correct? 
 
Pathogenesis of Brucella 
 
1.  In most animal species and humans the most important portal of entry is: 
 a. Peyer’s patches. 
 b. Regional lymph nodes. 
 c. Nasal and oral mucosa. 
 d. Microfold (M) – like cells. 
 e. Reticulo endothelial system. 
 
2. The following cells may all be colonized by Brucella sp. 
 a. Dendritic cells. 
 b. Epithelial cells. 
 c. Trophoblastic cells. 
 d. Monocytes/macrophages. 
 e. All of the above. 
 
3.  Upon entry the organisms. 
 a. Will always stimulate a severe innate immune response. 
 b. May not necessarily stimulate a severe innate immune response. 
 c. Never result in granulomatous inflammation. 
 d. Mostly effectively kill off all macrophages. 
 e. Evade the immune response by its extra cellular location. 
 
4.   Dendritic cells may be responsible for  
 a. The formation of BCV s. 
 b. Production of high levels of erythritol. 
 c. Be chemotactic for eosinophils. 
 d. Preferentially localized in joints. 
 e. Aid in disseminating infection through its migratory properties. 
 
5.  Brucella sp. that survive in macrophages  
 a. Maybe opsonized or not opsonized. 
 b. Do so only in absence of prion protein PrPc. 
 c. Entirely dependent on the production of cyclic glycans. 
 d. All of the above . 
 e. None of the above. 
 
6.  Brucella sp. may contain lipopolysaccarhides (LPS) in its out membrane which may be  
 a. Smooth. 
 b. Rough mutant. 
 c. Responsible for a severe pro-inflammatory response in mice. 
 d. Both a and b. 
 e. None of the above. 
 
7.  In order to deal with low oxygen tension the organism may  
 a. Induce cytochrome C. 
 b. Supress induction of ubiquinol. 



 c. Make use of oxygen and electron acceptor. 
 d. Employ FlbS reseptors which brake down Haem. 
 e. None of the above. 
 
8. Brucella organisms may be easily sterilised by  
 a. Dessication  
 b. Interaction with disinfectants in the environment 
 c. Exposure to inert surfaces 
 d. The pH in slurry dams 
 e. None of the above 
 
9. Brucellosis is an important  
 a. Worldwide zoonotic disease  
 b. Zoonotic disease primarily in africa 
 c. Endemic disease in europe 
 d. Disease in feedlots 
 e. Disease in the pacific rim 
 
10. Transmission of Brucella organisms is  primarily through 
     a. Milk  
 b. Aborted foetuses 
 c. Nasal discharges 
 d. Biting flies 
 e. a and b above  
 
11. Brucella organisms may be  
 a. Neutralised by the acidity in the rumen or stomach 
 b. Found in the colon of infected animals  
 c. Shed in faeces of acutely infected animals 
 d. Found in bone marrow in chronically infected animals 
 e. Found primarily in the human reproductive tract 
 
12. Brucella spp with an outer membrane containing rough lipopolysaccarides are  
 a. Gram-positive 
 b. More virulent in humans 
 c. Avirulent in animals 
 d. Are associated with bacterial resistance 
 e. None of the above 
 
13. Brucella-containing vacuoles are found in  
 a. Intercellular spaces 
 b. In the Golgi apparatus 
 c. Reproductive tract discharges 
 d. Associated with the endoplasmic reticulum (ER) 
 e. All of the above 
 
14. Brucella spp  evade the host immune system by  
 a. Being resistant to acidification in the brucella containing vacuoles (BCVs) 
 b. Avoiding opsonisation 
 c. Recognising and attaching to toll like receptors 
 d. Using passive and active mechanisms 
 e. Remaining extracellular 
 
15. Brucella species 
 a. Replicate primarily in the lungs before spreading to other organs  
 b. Are found in the nasal cavity of normal calves 
 c. Replicate intracellularly  
 d. Replicate primarily  in the urinary tract   
 e. Replicate only in basophils 
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