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Introduction

Brucellosis is an important public health 
problem throughout the world, particularly in 
the Mediterranean region, the Arabian Pen-
insula, the Indian subcontinent, and parts of 
Central and South America (1, 2). Brucellosis 
is primarily an animal disease, and in them 
it passes as an asymptomatic chronic infec-
tion. Infections of humans follow the spread 

of brucellosis in animals. Clinical findings 
in brucellosis are non-specific, such as fever, 
sweat, malaise, anorexia, headache and back 
pain (1, 2). Diagnosis of brucellosis is on the 
basis of the clinical picture, epidemiological 
and anamnestic data and laboratory analysis. 
Early diagnosis of brucellosis, including ad-
equate antibiotic therapy, has crucial impor-
tance for patients, especially for protection 
from development of complications.
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Objectives. Matrix metalloproteinases (MMPs) has been implicated 
in the pathogenesis of infective, cancer and autoimmune diseases. In 
this study, we investigated the serum level of MMPs and its clinical 
importance in human brucellosis. Patients and methods. This study 
included 60 brucellosis patients treated at the Clinic for Infectious 
Diseases, Clinical Centre, University of Sarajevo. Matrix metallopro-
teinases serum levels were quantified by ELISA. Results. The inves-
tigation involved three groups: 30 patients with complications, 30 
patients without complications of brucellosis and 30 healthy control 
examinees. The complications of human brucellosis varied but osteo-
articular involvement dominated (n=21/30; 70%). Matrix metallopro-
teinases serum levels in the patients with complications were high-
est. The serum level of MMP-1 in patients with complications was the 
highest at 9.45; in patients without complications it was 3.78 and in 
the control examinees it was lowest at 3.62 (p=0.001). The serum level 
of MMP-9 in patients with complications was the highest at 105.66; in 
patients without complications 64.67, and in the control examinees it 
was lowest at 37.32 (p=0.001). The serum level of MMP-13 in patients 
with complications was highest at 138.86; in patients without compli-
cations at 64.85; and in the control examinees it was the lowest at 29.55 
(p=0.001). Pearson’s coefficient showed a statistically significant posi-
tive correlation between levels of tested matrix metalloproteinases and 
development complications in human brucellosis (p=0.001). Conclu-
sion. This study showed the diagnostic value and importance of detec-
tion of matrix metalloproteinases in human brucellosis. MMPs are a 
useful serum biomarker for assessment of disease activity
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lysins, matrilysin, macrophage elastase, and 
four membrane–type MMPs (MT-MMPs). 
MMP production and activity are high-
ly regulated. Normal tissues do not store 
MMPs, and constitutive expression is mini-
mal. MMPs are transcriptionally regulated 
by growth factors, cytokines, and extracel-
lular matrix (ECM) components (8-10). 
Since MMPs have the capacity to catalyze 
the degradation of structural ECM proteins, 
it has been tempting to speculate that their 
main role is physiological tissue remodel-
ling during development, growth, uterine 
cycling, postpartum involutio, and wound 
repair (10). Exuberant expression of MMPs 
can cause tissue damage, and has been asso-
ciated with a variety of destructive diseases, 
including atherosclerotic plaque rupture, 
aortic aneurysms, tumour progression and 
arthritis (10). Focus on this family of pro-
teases is particularly emphasized in two 
major arthritis in humans, osteoarthritis 
and rheumatoid arthritis (11, 12). Although 
these forms of arthritis are different in terms 
of origin, they share the destruction mecha-
nisms of the articular cartilage by proteinas-
es. In human osteoarthritis, many MMPs are 
expressed in articular cartilage. The immu-
nohistochemical expression levels of MMPs 
in chondrocytes are reported to correlate di-
rectly with the histological destruction score 
of the articular cartilage (12). 

The present study deals with the useful-
ness and importance of detection matrix 
metalloproteinases in the diagnosis of hu-
man brucellosis.

Materials and methods

Patient data

This study included 60 brucellosis patients 
and 30 control examinees. The patients were 
divided into two subgroups: 30 patients with 
complications and 30 patients without com-
plications of brucellosis. The average age of 

Complications of human brucellosis were 
registered in 10%-16% patients and osteoar-
ticular involvement dominated (2, 3). The 
three most common forms of osteoarticular 
involvement are sacroilitis, spondylodiscitis 
and peripheral arthritis (3). Loss of bone is 
a serious complication of localized bacterial 
infection of the bones or the adjacent tissue. 
Despite the fact that clinical and imaging as-
pects of osteoarticular brucellosis have been 
described widely, the mechanisms involved 
in this process have not been completely ex-
plained (3). The skeleton is a dynamic organ 
system which is constantly being remod-
elled. These processes involve the coordinat-
ed effort of osteoblasts and osteoclasts (4). 
Together, these cell functions ensure healthy 
bones, giving strength and rigidity to the 
skeletal system. Osteoblasts are responsible 
for the deposition of the bone matrix and 
are thought to facilitate its calcification and 
mineralization. In contrast, osteoclasts drive 
the resorption of bone by acidification and 
the release of lysosomal enzymes, and these 
cells also produce bone resorption the secre-
tion of MMP-9 (4, 5). Recent studies have 
explained that Brucella spp. can infect and 
survive within human osteoblasts and that 
this infection elicits the secretion of pro-
inflammatory cytokines, chemokines and 
matrix metalloproteinases, that might be 
involved in the development osteoarticular 
complications of brucellosis (6, 7). 

Matrix metalloproteinases (MMPs) has 
been implicated in the pathogenesis of in-
fective, cancer and autoimmune diseases. 
MMPs represent a family of matrix-degrad-
ing proteinases with structural similarities. 
They require coordination of zinc ions at the 
active site for catalysis. Activity of matrix 
metalloproteinases is specifically inhibited 
by the tissue inhibitors of matrix metallo-
proteinases (TIMPs). To date 20 MMPs have 
been identified. They can be loosely subdi-
vided on the basis of their substrate speci-
ficity into collagenases, gelatinases, strome-
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patients was 49.9±14.2 years (range 15-81). 
Among the patients there were 39 (66%) 
males and 21 (34%) females. All patients 
were treated at the Clinic for Infectious Dis-
eases, Clinical Centre University of Sarajevo. 
The average age of the control group of ex-
aminees was 36±52.5 years of life, ranging 
from 18 to 55. There were 26 (86.6%) males 
and 4 (13.4%) females. All laboratory testing 
for brucellosis was performed at the Institute 
for Clinical Microbiology of the Institute for 
Immunology, Clinical Centre University of 
Sarajevo. The criterion for inclusion in the 
study was the etiological confirmation of 
diagnosis by the relevant laboratory tests. 
Criteria for exclusion were other inflamma-
tory diseases, autoimmune and malignant 
diseases. The disease was diagnosed by posi-
tive blood culture results and/or by posi-
tive relevant serological test results (ELISA, 
Rose-Bengal latex agglutination). The medi-
cal histories of 60 brucellosis patients were 
analysed. Patient data demonstrated that in 
order to assess morphological changes in 
the osteoarticular system, conventional ra-
diological methods had been used (standard 
radiography-X-ray, computerized tomogra-
phy-CT and magnetic resonance imaging-
MRI). 

Serological tests

For serology, blood samples of patients were 
examined on the first day of hospitalization 
at the Clinic for Infectious Diseases, Clini-
cal Centre University of Sarajevo. Blood 
samples were centrifuged and serum was 
stored in refrigerators at -80 oC until need-
ed. Serum was evaluated using the Rose-
Bengal test and ELISA (IgM and IgG). The 
Rose-Bengal latex agglutination test was 
performed according to the standard pro-
cedures. Undiluted serum samples (30µL) 
were mixed with an equal volume of Rose 
Bengal slide screening test antigen (bio Me-
rioux, Marcy L Etoile/France). The results 

were rated negative when agglutination was 
absent and 1+ to 4+ positive according to 
the strength of the agglutination. Brucella 
IgM and IgG enzyme-linked immunosorb-
ent assays (ELISAs) were performed and 
evaluated according to the kit procedure 
(Genzyme Virotech GmbH, Germany). The 
test results were read automatically by a BEP 
2000-Behring ELISA processor.

Matrix metalloproteinases serum levels 
were quantified by sandwich ELISA (en-
zyme-linked immunosorbent assay) using 
paired MMP-specific monoclonal antibod-
ies, according to the manufacturer’s instruc-
tions (R&D Systems, Inc., Minneapolis, 
USA). The test results were read automati-
cally by a BIOTEK ELX50 ELISA proces-
sor on 450/620nm. We converted receiving 
values into pg/ml using the program MAS-
TERPLEX 2010.

Statistical analysis

For evaluation of the results, standard statis-
tical methods were used. An analysis of the 
normality of the continuous variables was 
performed with the Kolmogorov-Smirnov 
test. The test showed that all variables satis-
fied the characteristics of normal distribu-
tion. A comparison of the categorical and 
continuous variables between the groups 
was performed using the chi-square test and 
one-way variance analysis (ANOVA). Cor-
relation between investigated variable was 
found using Pearson’s coefficient linear cor-
relation. Statistical significance was defined 
at p<0.05. Statistical analysis was performed 
using the statistical package IBM Statistics 
SPSS V19.0. 

Ethical principles

The ethical principles outlined in the World 
Medical Association Helsinki Declaration 
were applied in this study.

Maida Šiširak et al.: Laboratory findings in human brucellosis



4

Acta Medica Academica 2015;44:1-9

Results
The investigation involved three groups: 
30 patients with complications, 30 patients 
without complications of brucellosis and 30 
in a control group of healthy examinees. Pa-
tients had different forms of brucellar com-
plications. Osteoarticular complications were 
dominant (n=21/30; 70%). The most com-
mon form of osteoarticular complication was 
peripheral arthritis (n=10/21; 47.61%), fol-
lowed by spondylodiscitis (n=9/21; 42.85%) 
and sacroilitis (n=4/21; 19.04%). Some pa-
tients had manifestations on two segments of 
the bone-joint system (Figure 1). 

The time between onset of symptoms and 
diagnosis of osteoarticular complications 
was 7.6±5.4 weeks. The length of diagnos-
tic time was different for different forms of 
osteoarticular complications. We detected a 
correlation between the length of diagnostic 
time and different forms of osteoarticular 
complications. Nearly twice the length of 
time was necessary to define the diagnosis 
of spondylodiscitis (113 days) in relation to 
arthritis (56 days) and sacroilitis (64 days). 

Analysis of the serum level of MMP-1, 
revealed that in patients with complications 
it was the highest at 9.45; in patients without 

complications it was 3.78 and in the control 
examinees it was the lowest at 3.62, with sta-
tistically significant differences between the 
groups (p=0.001) (Table 1). Serum levels of 
MMP-9 in patients with complications were 
the highest at 105.66; in patients without 
complications they were at 64.67, and in the 
control examinees they were the lowest at 
37.32, with statistically significant differenc-
es between the groups (p=0.001) (Table 2). 
The serum level of MMP-13 in patients with 
complications was the highest at 138.86; in 
patients without complications it was 64.85; 
and in the control examinees it was the low-
est at 29.55, with statistically significant dif-
ferences between the groups (p=0.001) (Table 
3). Pearson’s coefficient of correlation showed 
a statistically significant positive correlation 
between levels of tested matrix metallopro-
teinases and the development of complica-
tions in human brucellosis (p=0.001).

We analysed the correlation between the 
length of diagnostic time and serum lev-
els of MMPs (MMP-1, MMP-9, MMP-13). 
MMP-9 and especially MMP-13 showed 
a correlation with the length of diagnostic 
time (Figure 2).

Figure 1 The most common forms of osteoarticular complications in brucellosis.



5

Table 1 Evaluation of serum level of MMP-1 (pg/ml) 

Groups
Serum level of Matrix metalloproteinase1 (pg/ml) 

AS SD SEM Min. Max.  

Patients with complications (n=30) 9.45 8.16 1.49 1.14 40.96

Patients without complications (n=30) 3.78 2.57 0.47 0.48 8.70

Control (n=30) 3.62 3.11 0.57 0.50 14.07  

F=11.964 (results of ANOVA), p=0.001;, AS=Arithmetic mean; SD= Standard deviation; SEM=Standard error of the mean; Min=Minimum; 
Max=Maximum. 

Table 2 Evaluation of serum level of MMP-9 (pg/ml) 

Groups
Serum level of Matrix metalloproteinase9 (pg/ml) 

AS SD SEM Min. Max.  

Patients with complications (n=30) 105.66 46.93 8.57 11.24 196.34

Patients without complications (n=30) 64.67 25.66 4.68 19.64 112.89

Control (n=30) 37.32 0.99 0.18 35.57 38.77

F=37.233 (results of ANOVA), p=0.001; AS=Arithmetic mean; SD=Standard deviation; SEM=Standard error of the mean; Min=Minimum; 
Max=Maximum. 

Table 3 Evaluation of serum level of MMP-13 (pg/ml) 

Groups
Serum level of Matrix metalloproteinase13 (pg/ml) 

AS SD SEM Min. Max.  

Patients with complications (n=30) 138.86      97.99        17.89            47.99                   576.92

Patients without complications (n=30) 64.85      36.74          6.71            29.06                   183.51

Control (n=30) 29.55        0.00          0.00            29.56                     29.56

F=25.572 (results of ANOVA), p=0.001; AS=Arithmetic mean; SD=Standard deviation; SEM=Standard error of the mean; Min=Minimum; 
Max=Maximum. 

Figure 2 Correlation between the length of diagnostic time and serum level of MMPs.

Discussion

Brucellosis is a prevalent disease in humans 
and animals in our country. The clinical fea-

tures and presentations of human brucel-
losis resemble various infectious, autoim-
mune or neoplastic processes. Diagnosis of 
brucellosis in this country without any ex-

Maida Šiširak et al.: Laboratory findings in human brucellosis
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perience with this kind of infection, may be 
very difficult. Early diagnosis of brucellosis 
and adequate antibiotic therapy have crucial 
importance for patients, especially for pro-
tection from the development of complica-
tions. Osteoarticular complications are the 
most common, and present in the form of 
spondylodiscitis, sacroilitis, arthritis, teno-
synovitis and osteomyelitis (3). 

In the present study, osteoarticular com-
plications were dominant (n=21/30; 70%). 
The most common form of osteoarticular 
complication was peripheral arthritis, fol-
lowed by spondylodiscitis and sacroilitis. We 
detected a correlation between the length of 
diagnostic time and different forms of os-
teoarticular complications. Nearly twice the 
length of time was necessary to define the 
diagnosis of spondylodiscitis in relation to 
arthritis and sacroilitis. Bosilkovski et al. 
(13) in a study in the Republic of Macedonia 
reported similar results, 59.2% patients had 
osteoarticular complications. Recent stud-
ies in hospitals in various parts of the world 
have reported similar results (14-19). 

The diagnosis of muscular and skeletal 
system involvement in brucellosis is based 
on the patient’s history, combined with 
physical examination and imaging meth-
ods, of which radiography is the method 
used most widely. Radiography is the initial 
means of evaluation of osteoarticular in-
volvement, although its lack of sensitivity in 
the early stages must be considered. In the 
early and acute stages, diagnosis of osteoar-
ticular involvement can be difficult because 
radiography has limited capacity when no 
changes are present in the bones. Standard 
radiography showed a low level of sensitiv-
ity (32.2%), particularly in the acute phase, 
due to its inability to differentiate inflamma-
tory and degenerative changes (19). Other 
techniques that are used widely for imag-
ing osteoarticular involvement are bone 
scanning, computerised tomography and 
magnetic resonance imaging (20-22). Bone 

scintigraphy has been shown as a sensitive 
method for detecting bone lesions of bru-
cellosis throughout the body. However, its 
specificity is low (20). Moreover, bone scans 
do not detect soft tissue infection (20). This 
is a problem in diseases such as brucellosis, 
that have both osteoarticular and soft tissue-
related complications. Magnetic resonance 
imaging was a more sensitive method in 
brucellar osteoarticular changes (21, 22). 

Recent studies have shown that brucel-
lar arthritis is frequently destructive, with 
associated osteopenia and cartilage damage 
(13-19). However, the pathogenesis of de-
velopment pathologic changes has not been 
explained.

Based on the results obtained in the 
present study, we hypothesize that matrix 
metalloproteinases may harm osteoblast 
function, contributing to bone and joint de-
struction observed in patients with brucel-
lar osteoarticular complications. The results 
of our study revealed that serum levels of 
MMPs (MMP-1, MMP-9, MMP-13) in pa-
tients with complications were the highest; 
in patients without complications they were 
lower and in the control examinees the low-
est, with statistically significant differences 
between the groups (p=0.001). Pearson’s co-
efficient of correlation showed a statistically 
significant positive correlation between lev-
els of tested matrix metalloproteinases and 
development of complications in human 
brucellosis (p=0.001). The expression of 
MMPs in the serum samples correlates with 
the parameters of arthritis activity, such as 
erythrocyte sedimentation rate and C-reac-
tive protein. Also, their degree of expression 
in the serum samples correlates with the re-
sults of conventional radiological methods 
(standard radiography-X-ray, computerized 
tomography-CT and magnetic resonance 
imaging-MRI). Measurement the concen-
tration of metalloproteinases in the serum 
is non-invasive, easy to perform, relatively 
inexpensive, and might be a promising 



7

procedure for evaluation of osteoarticular 
complications. Also, it might be a promising 
procedure for monitoring the efficiency of 
therapies in human brucellosis. 

Results of our study showed that serum 
levels of MMP-13 dominated in all patients 
with osteoarticular complications. Takaishi 
H. et al. (12) in their study explained the 
role of MMP-13 in joint diseases. The study 
concluded that MMP-13 was expressed by 
chondrocytes and synovial cells in osteoar-
thritis and rheumatoid arthritis, and plays a 
critical role in cartilage destruction. MMP-
13 serum levels are useful for predicting 
joint destruction, and monitoring therapies.

The role of MMPs in immunopathogen-
esis infective and autoimmune osteoarticu-
lar diseases has been investigated over the 
last two decades (17, 18). In patients with 
inflammatory arthritis gelatinase (MMP-2, 
MMP-9) are expressed in the synovial mem-
brane, and have been implicated in synovial 
tissue invasion into the adjacent cartilage 
and bone. It has been hypothesized that an 
imbalance between the activators and in-
hibitors of gelatinases results in higher levels 
of activity, enhanced local proteolysis, and 
bone erosion. Radiographic erosions are 
characteristic. Patients with radiographic 
erosions had significantly higher levels of 
active MMP-2 and MMP-9 (17, 18). 

 Although the clinical aspects of osteo-
articular complications in human brucel-
losis have been described widely (13-19), 
their immunopathogenesis has been only 
partially described (6, 7). Wallach JC et al. 
(23) described a case of prepatellar bursitis 
in a man with chronic brucellosis. In this 
case report a high level of proinflammatory 
cytokines was detected in the synovial fluid. 
Also, by zymographic analysis the presence 
of MMP-9 was detected in the synovial flu-
id of a patient with bursitis. These findings 
suggest the role of increased local levels of 
proinflammatory cytokines and gelatinases 
in the inflammatory manifestations of bru-

cellar bursitis. Delpino MV et al. (24) in an 
in vitro study, described the proinflamma-
tory response of human osteoblast cell lines 
and osteoblast-monocyte interaction upon 
infection with Brucella spp. The study con-
cluded that osteoblasts play an important 
role in the pathogenesis of osteoarticular 
complications in human brucellosis by pro-
duction of MMPs (MMP-2, MMP-9) and 
proinflammatory cytokines. 

 To our knowledge, there are no reports 
on the ability of Brucella spp. to infect hu-
man osteoblasts, in vivo. This may be ex-
plained in part by ethical restrictions, since 
a biopsy of the affected bone may only be 
justified in very select cases. Studies, in vivo, 
are important to confirm many emerging 
and fascinating properties of MMPs. 

The results of the present study point out 
the important role of matrix metalloprotein-
ases in the development of osteoarticular 
brucellosis. This new knowledge contributes 
to a better understanding of the osteoarticu-
lar pathology of to human brucellosis.

A large number of different tests have 
been used for serological diagnosis of bru-
cellosis, thus demonstrating the lack of an 
ideal technique. The Rose Bengal test is ideal 
for screening patients. ELISA is the method 
of choice for diagnosis of the chronic dis-
ease and relapses. Detection of matrix me-
talloproteinases in the serum is important 
for assessment of the disease activity and in 
predicting development of complications 
of brucellosis. The correlation between se-
rum levels of MMPs and the results of con-
ventional radiological methods shows the 
importance of detection of MMPs in the 
diagnostics of osteoarticular complications 
of brucellosis. Conventional radiological 
methods are not useful in determining the 
outcome of brucellar osteoarticular involve-
ment, because abnormal uptake persists for 
a long period. Serum levels of MMPs de-
crease very quickly after adequate antibiotic 

Maida Šiširak et al.: Laboratory findings in human brucellosis
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therapy, thus demonstrating that they are a 
reliable technique for monitoring therapies.

Conclusion

This study clearly showed the diagnostic 
value and importance of detection of matrix 
metalloproteinases in human brucellosis. 
Measurement of the concentration of metal-
loproteinases in the serum is non-invasive, 
easy to perform, relatively fast, and might be 
a promising procedure for determining the 
outcome of brucellar osteoarticular involve-
ment. Although increased levels of MMP-1, 
MMP-9 and MMP-13 are not specific and 
do not provide a definite clinical diagnosis, 
they can be used as a biochemical indica-
tor of development of complications, when 
evaluated in combination with conven-
tional radiological methods. Serum levels of 
MMPs decrease very quickly after adequate 
antibiotic therapy, thus demonstrating that 
they are a reliable technique for monitoring 
efficiency of therapies.

What is already known on this topic 
 Matrix metalloproteinases has been implicated in the 

pathogenesis of infective, cancer and autoimmune dis-
eases.

 MMPs production and activity are highly regulated. 
 Normal tissues do not store MMPs, and constitutive ex-

pression is minimal.
 Exuberant expression of MMPs can cause tissue dam-

age, and has been associated with a variety of destructive 
diseases, including atherosclerotic plaque rupture, aortic 
aneurysms, tumour progression and arthritis.

What this study adds
 This investigation showed the diagnostic value and impor-

tance of detection of matrix metalloproteinases in human 
brucellosis.

 Measurement of the concentration of metalloproteinases 
in the serum is non-invasive, easy to perform, relatively 
fast, and might be a promising procedure for determining 
the outcome of brucellar osteoarticular involvement.

 Serum levels of MMPs decrease very quickly after ad-
equate antibiotic therapy, thus demonstrating that they 
are a reliable technique for monitoring the efficiency of 
therapies.
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