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INTRODUCTION

Brucella spp are intracellular parasites and, as 
discussed in the previous articles, they have evolved 
methods by which they evade detection by immune 
systems, survive intracellularly and establish chronic 
infections. Development of an adequate immune 
response is critical to the control of Brucella spp 
infections. Classically, the host immune response is 
functionally divided into innate or non-specific and 
adaptive or specific immunity. This article will 
deal with the adaptive immune system and some 
available basic serological principles for measuring 
the immune response from a few more recently 
published articles.

SPECIFIC T-CELL IMMUNITY

Adaptive immunity responses take effect following 
on the activation of innate immunity. This occurs 
through a sustained antigen-specific response aimed 
at eradicating bacteria and protecting the host.  

The activation of innate immune system cells by a 
pathogen such as Brucella sp leads to macrophages 
and dendritic cells (antigen presenting cells) 
presenting the antigen to naive CD4 cells after which 
Th1 and Th2 specific responses lead to cellular or 
antibody immune response respectively. Cytotoxic 
T lymphocytes (CTLs) are an important part of the 
cellular immune response and contribute to protective 
immunity against Brucella sp through Fas- or 
perforin-mediated cytotoxicity and IFNγ secretion.

Data from chronic brucellosis studies suggest 
that Brucella sp interfere with the IFNγ response 
effectively causing a defective CD4+ T cell response 
and that this may be associated with increased 
numbers of these CTLs as compensation. The 
compromised cytotoxic response allows Brucella 
spp to evade exposure to the immune system and 
contributes to chronic infection process.

The Th1 (cellular immunity) response is critical in 
adaptive immunity and supportive evidence was 
published in a number of articles.

Skendros (2013) refers to the following findings in 

number of different studies:

• the increased susceptibility of mice to infection 
which are deficient in key Th1 elements (eg. 
IFNγ, IFNγ regulatory factor-1 (IRF- 1) and 
IL-12). 

• the administration of Th1related cytokines (IFNγ 
and IL-12)  elicits a protective response in mice. 

• following  in vitro stimulation by various Brucella 
antigens there is predominant secretion of 
IFNγ by splenocytes and CD4+ T cells in mice, 
CD4+ T cells in bovines, and  peripheral blood 
mononuclear cells (PBMCs) and T cells in 
humans.

• the development of Th1 responses in patients 
with brucellosis and the correlation between 
reduced Th1 responses and chronic/relapsing 
disease. 

• the findings of genetic studies in humans of 
which the results associate disease susceptibility 
or outcome with polymorphisms and mutations of 
molecules involved in Th1 cellular immunity.

The Th1 immune response against Brucella induces 
antigen-specific T lymphocytes to secrete IFNγ.  
CD4+ T lymphocytes are the major producers of 
IFNγ, although other cell subsets such as CD8+ T 
lymphocytes, γδ T lymphocytes and natural killer 
(NK) cells may also take part in the production of 
IFNγ.   IFNγ has a number of functions which include:

• it activates bactericidal activity of macrophages. 
• it promotes expression of antigen-presenting and 

co-stimulatory molecules on antigen presenting 
cells (APC’s).

• it stimulates cytotoxic T lymphocyte (CTL) - 
mediated cytotoxicity. 

• it potentiates the apoptotic death of infected 
macrophages. 

The bacterium may circumvent some of this 
through secretion of the Th2 cytokine IL-10.  The 
latter interferes with the bactericidal efficiency 
of IFNγ- activated murine macrophages against 
Brucella sp. There are also reports that Brucella  
lipopolysaccharide ( Br-LPS) induces the expression 
of IL-10 by human PBMCs. Brucella sp seem to be 
able to disturb IFNγ signal transduction in infected 
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human macrophages but the mechanisms on how this 
is achieved has not yet been elucidated.

Studies suggest that activated CD8+ CTLs contribute 
to such protective immunity through Fas- or perforin-
mediated cytotoxicity and IFNγ secretion.  However, 
studies in IFNγ and IL-12/β2-microglobulin knockout 
mice revealed that a lack of endogenous IFNγ is more 
important in the control of brucellosis than CTLs.

CTLs were found to increase during the chronic stage 
of infection in mice and studies in humans have 
also demonstrated increased numbers of CTLs in 
the peripheral blood of patients with chronic and/or 
relapsing brucellosis and this may be a compensatory 
reaction to a deficiency of the IFNγ response.  In 
different studies of chronic brucellosis in murine 
models it seems that CTLs may also display deficiency 
or a low quality in responding capacity.  Suppression 
of Th1 cytokines (IFNγ, TNFα and IL-2) associated 
with deficit in the B. melitensis Toll/IL-1 receptor 
(TIR)-domain-containing protein (TcpB) inhibits CD8+ 
cytotoxic killing of target cells expressing antigenic 
peptides.  This is thought to be another strategy by 
which Brucella spp evade adaptive immunity.

B LYMPHOCYTES

The B lymphocytes are responsible for the humoral 
arm of adaptive immunity culminating in the 
production of antigen-specific antibodies. Apart 
from their role in the immune response the clinical 
importance of this also lies in the fact that detection 
of these antibodies is pivotal in the diagnosis of 
brucellosis in livestock and humans. 

 These antibodies have many functions  including: 
• to have a neutralizing effect.
• to act as opsonins that facilitate the phagocytosis 

of bacteria by APC’s.
• to activate complement and promote antibody-

dependent cell-mediated cytotoxicity by 
macrophages, neutrophils and NK cells. 

• under certain circumstances, B cells perform 
antigen presentation which can activate cellular 
immunity. 

The role of this humoral immunity against intracellular 
bacterial infection is, however, limited and it is not 
protective.  Antibody-mediated opsonisation by the 
immunoglobulin IgM, IgG1, IgG2a and IgG3 enhances 
the phagocytic uptake of bacteria. This would all 
limit the level of initial infection with Brucella sp but 
has little effect on the intracellular outcome of an 
infection. 

Studies into the regulatory role of B cells in mice 
which are B-cell-deficient confirmed the critical 
role of Th1 responses in host resistance. During 

the early phase of disease it was found that B cells 
produce IL-10 and transforming growth factor (TGF)
β.  The result is attenuation of the  IFNγ-mediated 
Th1 responses and promotion of  persistence of 
infection. In the absence of B cells a marked, 
antibody-independent resistance to Brucella sp 
could be seen. Experimental data supportive of 
the  immunoregulatory role of B cells in brucellosis 
include:
• demonstration that opsonised B. abortus infects 

and survives inside primary murine B cells. 
• demonstration that B. abortus expresses the 

virulence factor proline racemase PrpA, The latter 
is a strong B-cell mitogen that induces secretion 
of high levels of IL-10.

ACQUIRED CELLULAR ANERGY

Anergy is a term in immunobiology that describes a 
lack of reaction by the body’s defense mechanisms 
to foreign substances and indicates that the immune 
system is unable to mount a normal immune 
response against a specific antigen.  Lymphocytes are 
said to be anergic when they fail to respond to their 
specific antigen. Anergy is one of three processes 
that induce tolerance, modifying the immune system 
to prevent self-destruction (the others being clonal 
deletion and immunoregulation). 

This phenomenon was first described in B 
lymphocytes by Gustav Nossal and termed “Clonal 
Anergy.” The clones of B lymphocytes in this case 
can still be found alive in the circulation, but are very 
ineffective at mounting immune responses. Later 
Ronald Schwartz and Marc Jenkins described a similar 
process operating in the T lymphocyte.
At the cellular level, the term “anergy” defines the 
inability of an immune cell to mount a complete 
response against its target. 

At the time of infection antigen specific lymphocytes 
must be recruited and allowed to multiply rapidly. 
This process – called “clonal expansion” – allows a 
rapid mobilisation of protective cells when required 
to combat the pathogen until the body is free of the 
infection. Following clearance of the infection, the 
clones that are no longer needed die away naturally.

Chronic brucellosis characterised by an atypical 
clinical picture, high frequency of complications, 
chronic fatigue syndrome and relapses in affected 
animals or humans has been well documented.  
Defective Th1 responses and T-cell anergy, probably 
due to modulation of host cellular immunity by 
Brucella spp. is thought to be responsible for this 
phenomenon. 

The findings of several studies investigating this has 
revealed:
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• disturbance of phagocytosis and migration against 
nonspecific and disease-specific antigens

• reduced skin reactivity to bacterial antigens
• protracted resistance of monocytes and 

lymphocytes to apoptosis
• low proliferative responses of lymphocytes to 

mitogens or Brucella antigens  diminished in 
vitro production of Th1 cytokines (IFNγ, IL-2) by 
PBMCs, and elevated TGFβ1 in serum

• reduced CD69+ early activated T lymphocytes
• an increased proportion of cytotoxic leucocytes 

(CTLs) (CD4/CD8 ratio inversion) 

Chronic relapsing brucellosis is associated with  a 
diminished percentage of CD4+ T lymphocytes 
expressing the IL-2 alpha receptor (CD25) in the 
peripheral circulation when compared with acute 
brucellosis cases and they retain this ‘defect’ even 
after potent in vitro stimulation of PBMCs with 
mitogen and E. coli LPS.  Interleukin-2 is a growth 
factor for antigen stimulated T lymphocytes and is 
critical for Th1 clonal expansion. Efficient priming of T 
cells by APCs also requires CD28/CD80 co-stimulation 
to enhance T-cell receptor (TCR) signalling. Patients 
with chronic brucellosis, as compared with those 
who are acutely infected, present low frequencies 
of CD4+/CD28+ T lymphocytes after stimulation of 
peripheral blood mononuclear cells (PBMC) cultures 
with mitogen and E. coli LPS. In addition, stimulation 
of patients’ PBMCs with killed Brucella (HKBA) 
resulted in a significant, dose-dependent reduction in 
CD80+ monocytes.

Similarly, whole blood HKBA cultures resulted 
in significant reduction in T cells expressing 
IFNγ, followed by an increase in CD3+/ IL-13+ 
T cells during disease prolongation (Th2 switch).  
Collectively, these data on human primary cell/HKBA 
cultures illustrate the immunosuppressive effects 
of Brucella pathogen-associated molecular patterns 
(PAMPs) , which may contribute to chronicity of the 
disease. 
 

SEROLOGICAL DIAGNOSIS

Serology has been the mainstay for the diagnosis 
of brucellosis for many years.  The most important 
advantages are that diagnostic material is relatively 
easily accessible, the tests are relatively cheap, 
available and sensitive. With use of the currently 
available serodiagnostic assays it has been possible 
to achieve the sustained eradication of brucellosis in 
some (but not all) countries.

The O-polysaccharide (O-PS) of the B. abortus 
lipopolysaccharide is of particular diagnostic 
importance in serology, as the majority of serological 
tests available are directed against it.  

The immune response and the level of it, which we 
attempt to measure by these serological assays, may 
be influenced by a number of factors which includes 
the incubation period of the disease, the mechanism of 
infection, the age of the animal, pregnancy status and 
possible concurrent infections caused by cross-reactive 
bacteria and anergy factors as mentioned above. 

Incubation periods may vary greatly and some infected 
animals may have a very long incubation period and 
during this period they remain seronegative.  Immune 
responses may be subdued and transitory in pre-
pubertal animals and, in contrast, long-lasting in 
adults. Pregnancy and lactation may influence the 
persistence of titres. Uterine infection in pregnant 
animals causes a large and persistent rise of 
antibodies.  This may, however, be delayed until 
abortion or parturition.  A reduced serological response 
may be seen if the lactating udder is infected. If 
infection is limited to the lymph nodes only a minimal 
or no serological response may be seen. Calves born 
to infected dams may become ‘latent carriers’. This can 
be seen in up to 10% of calves and in these animals 
the infection may remain serologically latent until 
the animal matures or becomes pregnant.  Spread of 
Brucella spp infection between herds usually occurs 
by means of introducing asymptomatic and chronically 
infected animals into herds. 

Vaccination status also influences the humoral 
response and the production of antibodies against 
vaccine strains makes the interpretation of surveillance 
tests difficult, since these vaccination titres cannot be 
differentiated from those detected in animals infected 
with field strains. Antibody production against smooth 
vaccine strains of Brucella, such as B. abortus S19 or 
B. melitensis Rev.1 have been documented.  

The age at time of vaccination, the dosage, the route 
of administration and the pregnancy status of the 
animal are all important factors which may determine 
the magnitude and the duration of any vaccine 
induced humoral response. Vaccination of adults 
leads to a persistent antibody response compared to 
a lesser degree of persistence in animals under six 
months of age due to interfering maternal antibodies.  
Vaccination of pregnant animals is associated with a 
slower return to a seronegative status.  

Antibodies due to vaccination are more reactive in 
some serological tests.  To avoid the “interference” by 
vaccination with smooth strains it has been attempted 
to develop vaccines based on rough bacterial 
phenotypes. These rough phenotype vaccines do not 
induce cross-reacting antibodies to O-PS. B. abortus 
S19 has therefore been replaced by the rough strain 
B. abortus RB51 in some countries.  This required 
the development of specific serological tests, using 
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homologous rough strains as antigens.

False-positive serological reactions may be seen in 
animals naturally infected with a number of cross-
reactive Gram-negative bacteria such as  Yersinia 
enterocolitica O:9, Group N Salmonella (O:30),  
Escherichia coli (O:157 and O:116), Pseudomonas 
maltophilia, and Vibrio cholera. These organisms 
and B. abortus share antigenic similarity and they 
all induce antibodies which cross-react with S-LPS 
antigens in available diagnostic tests.  Serological 
reactions to Y. enterocolitica O:9  has been reported 
to have complicated efforts to eradicate brucellosis in 
some countries. 

Intensive efforts have been put into attempts to 
develop a serological test which would be able to 
accurately determine the infection status of an animal 
with the ability to distinguish between the immune 
response of a vaccinated and latently infected or 
clinically infected animal, or a combination of two or 
more of these scenarios. However, it has not been 
possible to achieve this goal so far. 

When deciding on an appropriate serological test, 
and when interpreting the results of any diagnostic 
serological test, its specificity, sensitivity and 
predictive values should be considered. Specificity 
refers to the probability that the test will identify 
all non-infected animals compared to sensitivity 
of a test which is an indication of the probability 
that the test will identify all infected animals within 
a given population.  There is no ideal test and no 
single test has both 100% sensitivity and specificity 
and generally specificity and sensitivity are inversely 
related to each other.  As sensitivity increases, 
specificity decreases, resulting in an increased 
number of false-positive results and vice versa when 
sensitivity decreases, the proportion of false negatives 
increases. 

The positive and negative predictive values are an 
indication of the probability that positive or negative 
results will correspond to truly infected or healthy 
animals, respectively. Both will be influenced by the 
prevalence of a disease within a herd.   As prevalence 
decreases, the predictive value of a positive test 
also declines increasing the number of false-positive 
reactions.  When confronted with a low prevalence, 
the number of false positives may exceed the number 
of true positives. 

The choice of tests, according to the characteristics 
of the tests, would therefore be different during 
the different stages of the surveillance and control 
programme. 

In practice this means that when the prevalence 
is high, a test with adequate sensitivity but high 

specificity is a better choice, in order to allow for 
detection of the majority of diseased animals and 
herds (allowing for the minimum number of false-
positive reactors).  Once in the final stages of 
eradication, a sufficiently specific but highly sensitive 
test is recommended. 

The identification of one or more infected animals  in 
a herd may be sufficient evidence that the infection 
is present in a herd and one can expect  that other 
serologically negative animals may be incubating the 
disease.  In final stages of eradication  it is usually 
not cost effective to test all  animals and  surveillance 
programme can then be focused on problem herds, 
incidents of abortion, herds adjacent to known 
infected herds, and off-farm testing in markets and 
slaughterhouses. 

Serological tests can be used in a surveillance 
system as screening or confirmatory tests. Screening 
tests are rapid and inexpensive methods with high 
sensitivity to ensure that infected animals are 
not missed.  Confirmatory tests are more specific 
methods and useful for minimising the number of 
false-positive reactors. It has been recommended that 
all seropositive and seronegative samples in screening 
tests should be evaluated using an established 
confirmatory and/or complementary strategy.

The World Organisation for Animal Health (OIE) 
Manual of Diagnostic Tests and Vaccines for Terrestrial 
Animals is the basis for identifying official tests for 
use in surveillance programmes including animal 
Brucellosis.  In response to a request from the 
European Commision the European Food Safety 
Authority (EFSA) designated diagnostic tests as 
standard or complementary. Standard tests are 
approved for inra-community trade and must have 
acceptable diagnostic sensitivity and specificity. 
Complementary tests do not qualify as standard tests, 
but have performance characteristics that support 
standard tests in brucellosis-free herds or herds that 
are officially free of brucellosis.

For cattle, the EFSA conclusions and 
recommendations were that the Rose Bengal test 
(RBT), complement fixation test (CFT), indirect 
enzyme-linked immunosorbent assay (iELISA) and the 
fluorescence polarisation assay (FPA) demonstrated 
acceptable  performance  and were considered 
suitable as standard tests. In contrast, the serum 
agglutination test (SAT), radial immunodiffusion test 
with native hapten (RIDNH) and the competitive 
ELISA (cELISA) could be suitable for intra-community 
trade as complementary tests

For sheep and goats, the RBT and CFT were 
considered to be suitable as standard tests. The 
RBT was considered useful for early detection of B 
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melitensis infected flocks but it lacked specificity 
in low-prevalence areas and also lacked sensitivity, 
particularly in individual animals or when used in 
sheep. 

The efficiency of serological tests will always be 
questioned and scrutinized.  As consequence different 
serological tests were compared in the past, and will 
most likely also be in the future.  As an example 
in a recent study by Sanogo M et al (2013) the 
performance of the Rose Bengal test (RBT) and an 
indirect ELISA (iELISA) in diagnosing brucellosis in 
cattle was assessed.  The iELISA was overall more 
superior but the findings highlight the importance of 
using these two tests in combination as part of any 
brucellosis control programme.

Four main areas where improvements in serodiagnosis 
may significantly assist in the control and sustained 
eradication of brucellosis have been identified by 
McGiven et al 2013:
• reducing the cost of assays
• increasing the specificity of assays
• improving mobility
• developing a reliable assay that can differentiate 

infected from vaccinated animals (DIVA assay).

CONCLUSION

Brucella sp has developed sophisticated evolutionary 
mechanisms in order to ‘hide’ from, or manipulate, 
cellular immunity, and to achieve intracellular 
persistence and may cause asymptomatic latent 
disease and late reactivation. Understanding  innate 
and adaptive  immunity against brucellosis allows 
the clinician in the field to understand better the 
challenges and limitations presented by various 
diagnostic tests and control strategies that need to 
be involved in the ongoing attempt to eliminate the 
disease.
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CPD QUESTIONS

Which of the following statements are correct?

1. The functions of interferon include are

a.  To suppress bacterial activity.
b.  To promote antigen presenting  molecules on  
 APC’s
c.  Suppress CTL mediated cytoxicity.
d.  To supress macrophage apoptosis.
e.  To suppress APC co-stimulatory molecules.

2.  Interform may be produced by

a.  NK cells.
b.  CD8 + T lymphocytes.
c.  CD4 + T lymphocytes.
d.  Only C.
e.  A – C.

3.  Antibody functions include

a.  To delay the neutralizing affect.
b.  To suppress opsonisation.
c.  To inhibit antigen presentation.
d.  To activate complement.
e.  To suppress antibody dependent cell mediated 
cytotoxicity.

4.  The humoral response is known

a.  Not to be 10 % protective.
b.  Alters the ability of bacteria to survive 
intracellularly.
c.  Independent of antibody mediated opsonization.
d.  Inhibits phagocytic uptake by bacteria.
e.  To act independently from the innate immune 
system.

5.  Measurable antibody response in serological  
 assays are

a.  T Kupfer cells epitopes.
b.  Cellular makes on NK cells.
c.  Membranes channels of CD 8 + T  cells.
d.  Inferferon.
e.  The OPS of Brucella sp.

6.  Strong  immune response to Brucella sp may  
 be seen in

a.  In prepubertal bulls.
b.  In uterine infection in pregnant animals.
c.  When are affected.
d.  Infection of the lymph nodes.
e.  Bulls following castration.

7.  False positive serological reactions can be  
 seen in

a.  Yersinia enterocolitica 0:9 infection
b.  Pseudomomonas maltophilia infection
c.  BVD infection
d.  A & C
e.  A & B

8.  The OIE recommends the following  as  
 standard tests in cattle

a.  Rose Bengal Test  (RBT)
b.  Complement Fixation Test (CFT)
c.  Card agglutination test
d.  A & C
e.  A & B 

9.  The OIE recommends the following  as  
 standard tests for sheep and goats

a.  RBT and CFT
b.  Fluorescence polirazation assay (FPA)
c.  Serum agglutination test (SAT)
d.  Radio immuno diffusion test (RIDM)
e.  All of the above

10.  Anergy is known to 

a.  Elicit a strong serological response
b.  Induce tolerance
c.  Promotes self- destruction
d.  Does not affect B or T lymphocyte function
e.  Only affect macrophage function


