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Abstract

Aim. To present results of the national eradication campaign for brucellosis in R. Macedonia between
January 2005 and September 2009, as well as to determine seroprevalence of cattle brucellosis in
Macedonia in this period.

Methods. Classical serological methods used for diagnosis and control of cattle brucellosis were: Rose
Bengal Plate Agglutination Test (RBPT) as a screening method, and Indirect Enzyme-Linked
Immunosorbent Assay (i-ELISA) used as a confirmatory method.

Results. Starting from 2005 until 2009 a total of 559.476 cattle serum samples, from different villages
across Macedonia, were collected and sent to the Faculty of Veterinary Medicine – Skopje, for testing
for brucellosis. Seroprevalence in some epizootiological areas ranges from 0.1% up to 22.2%.
According to the results, obtained with this study, the mean seroprevalence of cattle brucellosis in
Macedonia for the last 5 years was estimated at 0.83% (ranging from 0.17% to 2.78%).

Conclusion.  It appears that the prevalence of cattle brucellosis in Macedonia is decreasing from year
to year taking into account results for seroprevalence for the last three years. These results justify
changes and implementation of the new strategy for control and eradication of brucellosis in domestic
ruminants, adopted by the veterinary authority in 2007 which is still in force.

OPENACCESS

Introduction
Brucellosis in cattle is usually caused by biovars

of Brucella abortus. In some countries, particularly in
southern Europe and western Asia, where cattle are
kept in close association with sheep or goats, infection
can also be caused by B. melitensis [1, 2]. Occasionally,
B. suis may cause a chronic infection in the mammary
gland of cattle, but it has not been reported to cause
abortion or spread to other animals [3]. The disease is
usually asymptomatic in nonpregnant females. Follow-

ing infection with B. abortus or B. melitensis, pregnant
adult females develop a placentitis usually resulting in
abortion between the fifth and ninth month of pregnancy.
Even in the absence of abortion, profuse excretion of the
organism occurs in the placenta, fetal fluids and vaginal
discharges. The mammary gland and associated lymph
nodes may also be infected, and organisms may be
excreted in the milk. Subsequent pregnancies are usu-
ally carried to term, but uterine and mammary infection
recurs, with reduced number of organisms in milk. In
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acute infections, the organism is present in most major
body lymph nodes. Adult male cattle may develop orchi-
tis and brucellosis may be a cause of infertility in both
sexes [1, 2, 4].

The importance of cattle brucellosis beside the
great impact on economy is the zoonotic character of the
disease. Human brucellosis is one of the most serious
zoonosis in Macedonia with approximately 500-800
human cases reported annually. In many regions the
disease has an endemic character. Macedonia has a
population of about 180,000 cattle, 750,000 sheep and
80,000 goats. Cattle brucellosis is the reason for great
economical losses of the Macedonian dairy industry and
it is one of the most important health problems in the
cattle population. .This is a highly pathogenic zoonotic
disease widely distributed throughout the world. A sig-
nificant association found between seropositivity (pres-
ence of antibodies against Brucella spp.) and a history of
abortions and retention of placenta in cows, indicates
the impact of brucellosis on economical losses for farm-
ers in the areas of infection.

Although several control and eradication meas-
ures have been established in the past five years, the
disease continues to cause big economic losses and to
represent serious threat to public health in Macedonia.
Veterinarians, farmers, and other individuals involved in
handling of sick animals, fall in the group of people with
a highest risk of infection [5].

The control of brucellosis is regulated with the
Veterinary law and up to 2006, with the annual order
issued each year by the Chief Veterinary Office (CVO) at
the Ministry of Agriculture, Forestry and Water Economy
(MAFWE) of Macedonia. The annual order defined all
the details related to the sampling procedures, testing
and compensations. From 2007 a sustainable national
program for control/eradication of cattle brucellosis was
implemented. Efforts were directed to detection and
prevention because no practical treatment is available.
Eventual eradication depends on testing and eliminating
reactors (test and slaughter policy). The greatest danger
is coming from replacements animals. Replacements
should be isolated for at least 30 days and retested
before being introduced to the herd.

Diagnosis of brucellosis is based on clinical fea-
tures and the results of laboratory tests [6-8]. No single
serological test is appropriate in all epidemiological
situations; all have limitations especially when it comes
to screening individual animals [9, 10].

It should be stressed that the serum agglutination

test (SAT) is generally regarded as being unsatisfactory
for the purposes of international trade. The complement
fixation test (CFT) is diagnostically more specific than
the SAT, and also has a standardized system of unitage.
The diagnostic performance characteristics of some
enzyme linked immunosorbent assays (ELISA’s) and
the fluorescence polarization assay (FPA) are compara-
ble with or better than that of the CFT, and as they are
technically simpler to perform and more robust, their use
may be preferred [11, 12].

For the control of brucellosis at the national or
local level, the buffered Brucella antigen tests (BBATs),
i.e. the Rose Bengal tests (RBT), as well as the ELISA,
are suitable screening tests. Positive reactions should
be retested using a suitable confirmatory and/or comple-
mentary strategy [4].

The prevalence of brucellosis in Macedonia var-
ies considerably from region to region.

The results presented in this paper are the results
of the cattle serum samples tested for brucellosis at the
serological laboratory of the Faculty of Veterinary Medi-
cine – Skopje between January 2005 and September
2009.

These tests were conducted for the needs of the
Veterinary Office within the MAFWE in order to follow the
results of the implementation of the cattle brucellosis
eradication strategy in Republic of  Macedonia.

Methods
Cattle sera used for this study were collected

during the time when the annual order was in force.
Starting from 2005 until 2009 a total of 558476 cattle
serum samples, from different villages across Macedo-
nia, were collected for testing for brucellosis. The serum
samples were kept at +4°C no more than 48 hours
before testing.  Brucella abortus antigen used in the
study for Rose Bengal Plate Test (RBPT) was obtained
from Symbiotics, Lion, France and i-ELISA kits were
obtained from IDEXX, USA.

The sampling strategy and the sample size were
determined by the annual order issued each year by the
Chief Veterinary Office at the MAFWE of Republic of
Macedonia.

In 2005, in accordance with the annual order, only
1/3 of the cattle population in Macedonia was tested
(total number of tested cattle 85233). In 2006, again
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according to the annual order, only the cattle from
positive epizootiological areas, based on the testing
results from 2005, were tested (total number of tested
cattle 5148). The new program for control and eradica-
tion of cattle brucellosis was adopted in 2007 and
commenced implementation from May, 2007. Accord-
ing to this program in 2007, 2008 and 2009 all cattle older
than 6 months had to be tested (in 2007 total number of
tested cattle was 143438; in 2008 total number of tested
cattle was 169940, and in 2009 total number of tested
cattle was 155717).

All the serum samples were firstly tested by the
RBPT method. RBPT depends on the ability of antibody
in the serum to agglutinate the stained bacterial antigen.
When this occurs the aggregates become clearly visible
to the naked eye. The RBPT was done according the
instructions in OIE Terrestrial manual [4].

Composition of the RBPT: Concentrated sus-
pension of Brucella abortus (Weybridge strain 99) inac-
tivated by heat and phenol (0.5%), dispersed in an acid
buffer and stained with Rose Bengal dye.

Procedure: Equal volumes of serum and buff-
ered antigen were used to perform the test. First, 20 – 30
μl of serum was placed in each well of the test plate, than
a 30 μl of an antigen (well shacked before use) was
placed in each well beside the serum drop. After gentle
mixing of these two drops with the plastic tip, the test
plate was placed on a three-directional agitator and the
mixture was agitated gently for 4 minutes at ambient
temperature. Samples with visible agglutination were
considered positive. A control serum that gives a mini-
mum positive reaction was tested before beginning of
each day’s tests, to verify the sensitivity of the test
conditions. Validation of the RBPT was carried out in
serological laboratory of FVMS using serums that were
diagnosed as definitely positive and definitely negative
with the ELISA method. The sensitivity of the RBPT was
80% and the specificity 98%. The lower sensitivity of the
test was because the aim of the testing strategy was to
detect the seropositive herds. Samples with positive
reaction on RBPT were subjected to i-ELISA for confir-
mation, as well as all the other serum samples coming
from the same herd.

At the moment, enzyme immunoassay is the most
sensitive method for detection of   immunoglobulin-M
(IgM), immunoglobulin-A (IgA) and immunoglobulin-G
(IgG) anti-brucella antibodies [8-11].

For this reason i-ELISA was used as a confirma-
tory method. The sensitivity of the i-ELISA method used

in this study was 98.5% with specificity of 99%. Valida-
tion of the method was made in the serological labora-
tory of FVMS using the serum samples found positive by
RBPT and CFT.

Preparation of reagents. Reagents were left to
equilibrate to the required incubation temperature. After
estimation of the amount of CHEKIT- Wash Solution
needed for washing the microtiter plates, and diluting the
samples and the controls, CHEKIT - 10x – Concentrate
was diluted 1:10 with water (1 part concentrate with 9
parts of water). CHEKIT – Wash Solution was always
freshly prepared, on a daily basis.

Distribution and incubation of samples and con-
trols: Short Incubation. 90 μl CHEKIT – Wash Solution
were dispensed into each well of the microtiter plate. 10
μl of the undiluted serum/plasma samples or pools of up
to 10 serum/plasma samples and controls were added
into the appropriate wells of the microtiter plate. Final
dilution = 1:10. The content within each well was mixed
briefly by gentle shaking of the microtiter plate on a
microtiter plate shaker. Than the microtiter plate was
covered with a lid and incubated 60 minutes (± 5 min.) at
37 ºC (±2 ºC) in a humid chamber. Overnight Incubation.
190 μl CHEKIT – Wash Solution were dispensed into
each well of the microtiter plate. 10 μl of the undiluted
serum/plasma samples or pools of up to 10 serum/
plasma samples and controls were added into the ap-
propriate wells of the microtiter plate. Final dilution =
1:20. The content within each well was mixed, briefly, by
gentle shaking of the microtiter plate on a microtiter plate
shaker. Than, the microtiter plate was covered with a lid
and incubated overnight for 14 – 18 hours at 2 ºC to 8 ºC
in a humid chamber. After Short- or Overnight Incuba-
tion. Each well was washed with approximately 300 μl
CHEKIT wash solution three times. The liquid content of
all wells was aspirated after each wash. Following the
final aspiration, residual wash fluid from each plate was
firmly tamped onto absorbent material. 100 μl CHEKIT-
Brucellose – Anti – Ruminant –Ig-PO conjugate were
dispensed into each well. The microtiter plate was cov-
ered and incubated for 60 minutes (± 5 minutes) at 37 ºC
(± 2 ºC) in a humid chamber. Repetition of step 1. 100 μl
CHEKIT – TMB substrate were dispensed into each
well. The substrate was incubated at room temperature
(18 – 25 ºC) for 15 minutes. The color reaction was
stopped by adding 100 μl CHEKIT –Stop Solution TMB
per well. The stop solution was dispensed in the same
order and at the same speed as the substrate. The
results were read with a photometer at a wavelenght of
450 nm.
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Calculation of results. For determination of valid
results, the optical density (OD) of the positive control
should not exceed 2.0 and the OD of the negative control
should not exceed 0.5. The difference between the
positive and the negative control must be e” 0.3. Read-
ing of the plates should be within two hours after the
addition of the stop solution. The OD of duplicates must
be averaged. The OD of the positive control (OD

pos
) as

well as the OD of the samples (OD
sample

) are corrected by
subtracting the OD of the negative control (OD

neg
):

Positive control:  OD
pos

 –  OD
neg

Sample: OD
sample

 –  OD
neg

Analysis of the samples in relation to the negative and
the positive controls with the following formula:

Value (%) = 
negpos

neg-  sample

 OD -  OD

 OD OD
   ́100 %

Reporting (Cut off value). The cut of value of 80%
is recommended by OIE for interpretation of individual
serum and plasma samples. If the value was < 80 %, the
sample was considered negative, if the value was e” 80
%, the sample was considered positive [4, 12].

Results
According to the results obtained with this study,

the average value of the seroprevalence of cattle brucel-
losis in Macedonia for this 5 years period, from 2005 until
2009, was calculated at 0.83% (from 0.17% to 2.78%).
Total number of tested cattle within this study was
559476.

The lowest prevalence of 0.17% was established

in the year 2005, and the highest prevalence of 2.78% in
the year 2006. Seroprevalence for the years 2007, 2008
and 2009 was 0.55%, 0.37% and 0.28% respectively
(Table 1).

In 2005 brucellosis was present in 14
epizootiological areas (EA), 28 Epizootiological Units
(EU), and 41 villages with total number of 65 infected
herds (Table 2).

In 2006, the results of the testing showed the
following situation: 10 EA, 11 EU and in 13 villages with
cattle brucellosis and 14 seropositive herds (these data

Table 1: Seroprevalence of brucellosis in cattle in R. Macedonia,
2005-2009.

Source: Veterinary Directorate of Republic of Macedonia.

Table 2: Distribution of the disease by epizootiological areas
(EA), epizootiological units (EU), villages and number of infec-
tive herds (IH) in R. Macedonia, 2005 and 2007.

Source: Veterinary Directorate of Republic of Macedonia.

Source: Veterinary Directorate of Republic of Macedonia.

Table 3: Distribution of the disease by epizootiological areas
(EA), epizootiological units (EU), villages and number of infec-
tive herds (IH) in R. Macedonia, 2008 and 2009.
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EA, 57 EU and 114 villages with 176 seropositive herds.
In 2009 further improvements were noted with 17 EA, 47
EU, 93 villages and 166 infected herds (Table 3).

The numbers of tested and seropositive cattle
and percentages of seropositive cattle by epizootiological
areas in R. Macedonia in the period from 2005 to 2009
are presented in the Table 4 and Table 5.

Cattle brucellosis in 2007 was discovered in 23
EA with 790 seropositive animals; 2008 the number of
EA with cattle brucellosis was 22 infected with 627
seropositive animals and 2009 the number of EA with
cattle brucellosis was 17 with 436 seropositive animals
(Table 4).

In general, there are some traditionally cattle
brucellosis free epizootiological areas, such as Berovo,
Demir Hisar, Debar, Kochani, Probishtip and Resen
(Table 4, Figure 1). However, there are some
epizootiological areas where the seroprevalence of cat-
tle brucellosis varies from 0.1% up to 22.2% (Tetovo-
2006) (Table 5). These numbers are result of the differ-
ences in strategy and parameters set for sample collec-

Table 4: Tested and seropositive cattle by epizootiological areas
in R. Macedonia, 2005-2009.

Source: Veterinary Directorate of Republic of Macedonia.

are not presented in the table). In 2007, the disease was
detected in 23 EA, 59 EU and 114 villages with 233
seropositive herds (Table 2). The situation improved in
2008, when the cattle brucellosis was registered in 22

Figure 1: Distribution of Cattle brucellosis in Macedonia for the years
2005, 2007- 2009. Legend: Municipalities with cattle brucellosis are
marked with gray color.

Source: Veterinary Directorate of Republic of Macedonia.

Table 5: Seroprevalence of brucellosis in cattle by epizootiological
areas in R. Macedonia. 2005-2009.

tion (such as target group and magnitude of the target
group).

Distribution of Cattle brucellosis in R. Macedonia
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for the years 2005 and 2007- 2009 is visible at the Figure
1.

Discussion
The results obtained in this study are of local

importance and their purpose is to show situation with
brucellosis in R. Macedonia as well as the effects of the
campaign for eradication of brucellosis in cattle con-
ducted by the Veterinary Directorate.

Higher prevalence of brucellosis for 2006 in com-
parison to 2005, 2007, 2008 and 2009 was expected,
taking into account selection of the cattle for testing (only
cattle from positive epizootiological areas based on the
results from 2005).

The results for the last 3 years clearly demon-
strate decreasing tendency of the prevalence of brucel-
losis in most EA. The decrease in the seroprevalence of
cattle brucellosis from 0.55% in 2007 to 0.28% in 2009
shows the real situation with the disease in Macedonia,
having in mind the targeted population and the number
of tested animals.

We expect that the trend of decrease in
seroprevalence of cattle brucellosis would continue in
2010.

Coclusion
It appears that the prevalence of cattle brucellosis

in Macedonia is decreasing from year to year taking into
account results from the last tree years. From the total of
23 EA, 59 EU and 114 villages with 233 seropositive
herds in 2007 we came to the number of 17 EA, 47 EU,
93 villages and 166 infected herds in 2009, which
represents significant improvement.

Analyzing the data gained from the tested sam-
ples for 2005 and 2006, it can not be clearly concluded
whether the situation with cattle brucellosis in Macedo-
nia was improving or not. The new program for control
and eradication of cattle brucellosis adopted and started
with implementation in 2007, provides a clear picture
and comparable results for the situation with cattle
brucellosis in Macedonia, and more important, the posi-
tive results of this program presented in numbers are
obvious and justifies changes and implementation of the
new eradication strategy for brucellosis. We expect
decreasing trend of cattle brucellosis to continue in
2010.
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