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A b s t r a c t: Aim: To introduce and validate the new method of diagnosing 

ovine and caprine brucellosis in a rapid, accurate and inexpensive manner by using 
i-ELISA (serum/milk) technique.  

Methods: Serum and milk samples from brucella RB and CFT negative (n = 
881) and positive (n = 755) animals were used. Standardization of tests was through the 
Bommeli ELISA-BESW (Brucella Bang) standard and our Institute’s (MKD) working 
standards (positive serum and milk based on B. melitensis antigen).  

Results: Validation of serum/ milk ELISA for detecting ovine and caprine bru-
cellosis was completed. The specificity obtained for the serum ELISA was 99.0% for 
the Bommeli system (at cut-off of 30% of positivity – PP) and 99.4% for the MKD sys-
tem (at cut-off 15% PP). The sensitivities of serum ELISAs at the same cut-off were 
98.5% for the Bommeli and 96.6% for the MKD test. Parallel milk samples from the 
same animals showed a specificity of 99.5% in the Bommeli system (at cut-of 30% PP) 
and 99.8% in the MKD system (at cut-off 25% PP). The sensitivity of the milk ELISAs 
were 94.6% for the Bommeli test and 95.6% for the MKD test. 

Conclusion: The Bommeli ELISA and MKD ELISA were successfully stan-
dardized and validated as confirmatory tests for the diagnosis of B. melitensis in sheep 
and goat samples (milk/sera). Using our Institute’s milk standard, we confirmed succes-
sful screening of brucellosis in pooled milk samples from 100 sheep and 100 goats.  
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Introduction 
 

B.melitensis infection in small ruminants continues to be a problem in 
many countries, especially in the Mediterranean region and Eastern Europe [1–6]. 
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In Macedonia, brucellosis caused by B. melitensis is one of the most 
important diseases in small ruminants. The impact of its effects on sheep and 
goat production and reproduction (abortions), and especially its human health 
hazard, implies that this disease should be controlled and eradicated [4, 7, 8]. 
The disease has persisted for about 30 years and efforts of government prog-
rammes to effectively control and eradicate the disease have been not succes-
sful. From 2008 to the present, a new strategy has been introduced, based on 
“diagnose and remove” for infected animals and different types of vaccination 
have been performed, depending on the infection level in the epidemiological 
units [2, 3, 9]. 

The Republic of Macedonia has a domestic animal populations of about 
215,000 cattle, 800,000 sheep, 115,000 goats and 235,000 pigs. The prevalence 
of brucellosis in sheep and goats (B. melitensis, biovar 2) for a period of 30 
years was less than 2%. Brucellosis in cattle is limited to sporadic cases, espe-
cially where cattle cohabit with sheep and goats. Approximately 400-500 hu-
man cases have been reported annually in the last 20 years [7]. Diagnosing and 
control/eradication of the disease using the classical serological methods has 
been: the Rose Bengal plate agglutination test (RBT) used for screening flocks 
and individual animals and the Complement Fixation Test (CFT) and the 
Indirect i-ELISA serum/milk (used as a confirmatory test for small ruminants 
and for cattle). The above-mentioned tests and temporary serum agglutination test 
(SAT) and milk ring test (MRT) are used for bovine brucellosis. For pooled milk 
samples (screening test) there are useful tests, such as MRT (only for cattle) and 
i-ELISA (for cattle, sheep and goats).  

The intention of this work is to report the efforts to find a suitable 
ELISA test for individual serum/milk samples, like confirmatory and pooled 
(bulk) milk samples like a screening test, especially for small ruminants. Preli-
minary data in this field have previously been presented in 1991, 1994 and 1997 
[8, 10–13]. It is known that B. melitensis infections in small ruminants are not 
as well confirmed by using serological tests such as those for B. abortus in cat-
tle [1–3, 14, 15]. Using the RBPT and CFT and slaughtering infected animals, it 
seems impossible to eradicate the disease among the small ruminant popula-
tions. Our validation has shown that the ELISA serum/milk tests are applicable 
for routine diagnosis of brucellosis infection in small ruminants. These tests are 
more accurate, rapid and inexpensive, and may be automated for detecting bru-
cellosis, especially in infected flocks [16, 17]. 

In a project supported by FAO/AEA and the World Bank (2003), from 
1995 to 2003 the Veterinary Institute in Skopje in carried out the largest and 
longest experiments in the field of introducing serum/milk – ELISA technology 
for diagnosing B. melitensis in small ruminants [8, 10, 11]. Additional studies 
were performed (2003–05) to introduce the Polymerase Chain Reaction (PCR) 
by extracting DNA of B. melltensis directly from the raw milk of small rumi-
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nants, but without success. According to a review of literature and the opinion 
of the independent experts (6 missions) of the projects, they were apparently the 
first scientific studies of diagnosing of B. melitensis in sheep and goats by indi-
vidual serum/milk ELISA, especially using bulk (pooled) milk. In view of the 
lack of international standards for diagnosing B. melitensis in small ruminants, 
these methods were for the first time prepared as standards for national and in-
ternational use. The results of this work were utilized in two directions; first, the 
method was used as a prevalidation test [7, 10, 11, 16] and second, it was suc-
cessfully performed as a validation test for diagnosing B. melitensis in sheep 
and goats by serum / milk ELISA [12, 17]. 

 
 

Methods 
 

The best method for validation of a test for diagnosing B. melitensis in 
small ruminants for the serum/milk ELISA is the use of the "gold standard" 
from truly positive animals where B. melitensis is isolated from each animal. 
But in the absence of such animals (according to Jacobson), we used a different 
"gold standard", animals serologically positive and negative to the RBPT and 
CFT, and compared results with iELISA [18, 19, 20]. 

Serum and milk specimens from Brucella negative (n = 881) and posi-
tive (n = 755) animals were used (material for investigation). The samples were 
selected and taken from selected regions of R. Macedonia. The negative se-
rum/milk samples originated from a region where no brucellosis had been recor-
ded, either clinically or serologically, during the last 40 years. The individual 
animals were sampled simultaneously for both serum / milk (from each one). 
The positive serum/milk samples were obtained from permanently infected flo-
cks, where clinical symptoms (abortions) occurred and family members of the 
famers were heavily infected. 

For preparing standards for diagnosing B. melitensis, in one epidemio-
logical unit, we indentified one heavily infected flock of sheep and goats. We 
identified 9 sheep and 6 goats with high serological titers. These animals were 
separated for one month, milk was collected every day and serum every 7 days. 
After that period, these animals were purchased for culling in the abattoir. Se-
rum and milk samples were frozen at -70°C. Each serum and milk sample was 
titrated by the i-ELISA method, using positive control serum samples from 
Weybridge (bovine origin), Bulgarian national reference serum at CFT diagno-
sis (rabbit) and from the Bommeli ELISA kit (2nd International anti brucella 
abortus serum, diluted 1: 64). For the determination of a positive cut-off for 
RBPT minimum positivity of (+), CFT (1: 5 dilution equivalent to 35 CFU) was 
used, and for serum/milk ELISA a percent positivity (PP) of strong (++) posi-
tive standard was used [1, 21–24]. The weak positive standard (+) was obtained 
with the dilution of the strong positive standard. 
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The reagents for performing the RBT and CFT tests were obtained from 
Rhone- Merieux and the ELISA kits from Dr. Bommeli, Switzerland. Testing of 
samples (serum/milk) was performed in duplicate and controls in triplicate. The 
average value of optical density (OD) and validation of standards and samples 
were according to manufacturer's recommendations (Dr. Bommeli). 

The serum/milk standards used in the Macedonian (MKD) ELISA were 
obtained from sheep and goats, previously tested negative/positive on RBT, 
CFT and commercial ELISA tests for both serum and milk. The titrations of dif-
ferent positive and negative serum/milk domestic standards were performed 
[16, 17, 25–27]. For measuring the optical density, a Multiskan Plus-Finland 
spectrophotometer was used [12, 16, 17]. Simultaneously, other international 
cattle standards, such as Weybridge, Bommeli and Bulgarian, were compared 
with our sheep and goat standards. 

The Bommeli (Chekit) ELISA-Brucellotest kit was used according to 
the protocol of the producer. The antigen used in the MKD ELISA was Brucella 
Bang LPS (FAO/IAEA), determined by chess titration with positive standard 
[21]. The titration of the anti-ruminant monoclonal conjugate (Bommeli AG, 
Switzerland) was also performed [21, 23]. The MKD positive standard was used 
in a final dilution of 1: 3000 and the negative in a dilution of 1: 200. The proce-
dure of MKD ELISA (Box 1) started with serum samples at a dilution of 1: 200 
and the milk samples 1:2 in diluent buffer (PBS, pH 7.4 with 0.05% Tween 20). 

 
Box 1. Procedure for the MKD ELISA 
1. Dilute samples and controls to the appropriate wells 
 (serum samples are diluted 1:200, and milk samples 1:2 in diluent buffer) 
2. Add samples and controls in a volume of 100 µL/well 
3. Incubate in a shaker for 1 hour at 37°C 
4. Wash plates 3 times with 300 µL wash buffer 
5. Add conjugate diluted 1:200 in diluent buffer in a volume of 100 µL/well 
6. Incubate in a shaker for 1 hour at 37°C 
7. Wash plates 3 times with wash buffer with 300 µL wash buffer 
8. Add chromogen in a volume of 100 µL/well 
9. Incubate 60 minutes at room temperature 
10. Add the stopping solution in a volume of 100 µl/well 

 
The controls and samples were added in an amount of 100µL/well and 

incubated 1 hour in a shaker at 37°C and washed 3 times with a buffer before 
adding the conjugate. The conjugate was used in a dilution of 1: 200 in diluent 
buffer and added in an amount of 100µL/well. After incubation of 1 hour in a 
shaker at 37°C the plates were washed 3 times and the chromogen added. The 
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chromogen was created by diluting 1 tablet of ABTS (Sigma) in 6 ml of phos-
phate/citrate buffer (1 tablet in 100 ml dd water), (Sigma).  

The stopping solution was prepared as a 4% dilution of sodium dodecyl 
sulphate (SDS) double distilled water. The optical densities were measured 
using a filter of 405 nm. 

For the interpretation of results ordinary and special statistical methods 
were used, as well as our own approach for interpretation [18–20, 22, 23, 26, 27]. 

 
Results and discussion 

 
The results of the whole study are shown in the following figures and 

tables: 
 

 
 

Figure 1 – Titration of the standards. A) Titration of the serum positive standard.  
The sheep MKD serum standard gave a similar curve to international bovine standards 
(BESW); B) Titration of the milk positive standard in negative milk. The dilution curve 

shows that it is possible to use the ELISA milk standard for determination of brucellosis 
in pooled milk samples of at least 100 animals 

Slika 1 – Titracija na standardite. A) Titracija na serum pozitivnite 
standardi. MKD serum standardot kaj ovci dade sli~na kriva kako 

internacionalniot govedski standard (BESW); B) Titracija 
 na pozitiven standard za mleko vo negativno mleko. Krivata  

na razreduvawe poka`uva deka e mo`na upotreba na ELISA standard  
za mleko za utvrduvawe na bruceloza vo primeroci na molzeno mleko  

od najmalku 100 `ivotni 
 
A mixture of all sheep positive standard serum samples and a mixture 

of all positive standard sheep milk samples was also included in the titration 
curve showing for the first time (2003) a successful standardization of sheep se-
rum and milk samples for validation experiments. These standards, achieved 
from these experiments aimed at identification of anti-brucella antibodies in 
sheep and goat serum and milk samples, have been established as national refe-
rence materials for standardization of the ELISA techniques.  
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Figure 2 – Frequency distribution of the positive and negative samples: A) in milk 

samples analyzed by Bommeli ELISA system (755 positive and 881 negative samples); 
B) serum samples by Bommeli ELISA system; C) in milk samples by MKD ELISA 

system; D) in serum samples by MKD ELISA system 
Slika 2 – Distribucija na frekvenciite na pozitivnite i negativnite 

primeroci: A) vo primeroci od mleko analizirani so Bomeli ELISA 
sistem (755 pozitivni i 881 negativni primeroci); B) vo primeroci  

od serum analizirani so Bomeli ELISA sistem; V) vo primeroci  
od mleko analizirani so MKD ELISA sistem; G) vo primeroci od serum 

analizirani so MKD ELISA sistem 
 

 
Figure 3 – Dispersion of the percentages of positivity of positive and negative samples: 

A) in milk analyzed by Bommeli ELISA system; B) in serum samples by Bommeli  
ELISA system; C) in milk samples by MKD ELISA system; D) in serum samples  

by MKD ELISA system 
Slika 3 – Disperzija na procentite na pozitivnost na pozitivnite 
 i negativnite primeroci: A) vo primeroci od mleko analizirani so 

Bomeli ELISA sistem; B) vo primeroci od serum analizirani so Bomeli 
ELISA sistem; V) vo primeroci od mleko analizirani so MKD ELISA 
sistem; G) vo primeroci od serum analizirani so MKD ELISA sistem 
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Figure 4 – Correlation between the percentages of positivity of the Bommeli and MKD 

ELISAs: A) in serum samples; B) in milk samples 
Slika 4 – Krelacija pome|u procentite na pozitivnost na Bomeli i MKD 

ELISA: A) vo primeroci od serum; B) vo primeroci od mleko 

 
 

Figure 5 – Correlation between the percentages of positivity in serum and milk 
samples: A) analyzed by Bommeli system; and B) by MKD system 

Slika 5 ‡ Korelacija pome|u procentite na pozitivnost  
vo primeroci od serum i od mleko: A) analizirani so Bomeli sistem;  

i B) so MKD sistem 
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Table 1 – Tabela 1 
 

Optimisation chart for determination of the cut offs in different types of ELISAs 
(A total of 881 negative and 755 positive samples have been analyzed) 

Optimizaciski prikaz za opredeluvawe na granicite vo razli~ni tipovi 
na ELISA (vkupno 881 negativni i 755 pozitivni analizirani primeroci) 

 

  
BOMMELI 

MILK 
BOMMELI 

SERUM 
MKD 
MILK 

MKD 
SERUM 

CUT_OFF SPEC* SENS** SPEC* SENS** SPEC* SENS** SPEC* SENS** 
5%  99.9  100.0 84.7 99.1 41.8 98.9 

10% 30.6 98.7 1.0 100.0 98.3 97.7 97.8 98.1 

15% 86.8 97.5 70.1 99.1 99.1 96.7 99.4 96.6 
20% 90.0 97.0 91.8 98.9 99.5 96.2 99.7 95.1 
25% 98.6 95.8 98.0 98.7 99.8 95.9 99.7 93.4 
30% 99.5 94.6 99.0 98.5 99.8 95.6 99.7 91.7 
35% 99.5 93.1 99.4 98.3 99.8 95.0 99.9 90.6 
40% 99.7 88.7 99.8 97.6 99.9 93.8 100.0 88.9 

Green represents the determined optimal cut-offs in each of the ELISAs.  
SPEC* = specificity; SENS** = sensitivity 

 
With this data, it is possible to evaluate the diagnostic specificity (DSp) 

and diagnostic sensitivity (DSe) of the Chekit-Brucellotest ELISA (Dr. Bom-
meli) and our Institute (MKD) ELISA. A total of 881 negative and 755 positive 
samples of both sera and milk were included in the analyses. Samples used in 
the preliminary validation were previously confirmed with the "gold standard" 
methods, RBT and CFT. The specificity obtained for the serum ELISA was 
99.0% for the Bommeli system (at a cut-off of 30% PP) and 99.4% for the MKD 
system (at a cut-off 15% PP). The sensitivity of serum ELISAs at the same cut-
offs were 98.5% for the Bommeli and 96.6% for the MKD test. Parallel milk 
samples from the same animals showed a specificity of 99.5% in the Bommeli 
system (at a cut-of 30% PP) and 99.8% in the MKD system (at a cut-off 25% 
PP). The sensitivity of the milk ELISAs was 94.6% for the Bommeli test and 
95.6% for the MKD test. 

Taken together, we successfully standardized and validated the Bom-
meli ELISA and MKD ELISA. It is possible to diagnose brucellosis in a quick, 
safe, exact and cheap manner by using the i-ELISA (serum/milk) technique. Also, 
by introducing ELISA analyses of pooled milk samples, it is possible to main-
tain a "free status" of flocks, certain regions, epidemiological units or an entire 
country. It is very important for farmers and countries to certify brucellosis "free 
status" for numerous reasons. Maybe, this is one of the easiest and cheapest 
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ways for the protection and fast screening of large flocks for brucellosis. Ho-
wever, following identification of infected farms, what then would be the ideal 
policy that should be taken to control and further eradicate the disease? 

It is possible to examine both individual serum/milk samples (confirma-
tory test) and pooled milk samples (screening test) with the i-ELISA method. 
ELISA on pooled milk samples is useful for examination of flocks of 100 sheep 
and 100 goats (B. melitensis).  

 
 

Conclusions 
 

According to the results of the preliminary validation of individual se-
rum/milk ELISA and pooled milk ELISA, it is possible to conclude the follo-
wing: 

1. To examine individual serum/milk samples (confirmatory test) and 
pooled milk samples (screening test) is possible by using the ELISA. An ELISA 
for pooled milk samples is useful for examination of flocks of 100 sheep or 100 
goats. 

2. The results of MKD ELISA highly correlated to those of classical 
methods (RBT and CFT) in determination of Brucella infected sheep and goats; 

3. The specificity of the serum ELISA Bommeli system was 99.0% (at 
a cut-off of 30% PP) and in the MKD system it was 99.8% (at a cut-off 25% 
PP);  

4. The sensitivity of serum ELISA (at a cut-off of 30% PP and 15% PP 
for Bommeli and MKD ELISA, respectively) was 98.5% for Bommeli and 
96.6% for the MKD test;  

5. The specificity of the milk ELISA was 99.5% in the Bommeli system 
(at a cut-off 30 % PP), and 99.8% in the MKD system (at a cut-off 25% PP). 

6. The sensitivity of the milk ELISAs were 94.6% (at a cut-off 30%) for 
the Bommeli test and 95.6% (at a cu-off 25%) for the MKD test; 

7. The diagnostic performance of MKD ELISA was very similar to that 
of recognized, commercial producer Bommeli, but at different cut-offs as deter-
mined in our laboratory; 

8. Application of milk ELISA in the routine diagnosis of infected sheep 
or goats will significantly decrease the costs of the control/eradication program-
mes, without losses in the diagnostic performances compared to the serum 
ELISA; 

9. The results of the validation encourage the full OIE validation of the 
serum/milk ELISA for small ruminants, using B. melitensis antigen; 
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10. The results of this validation test need to be further confirmed with 
the direct detection of Brucella melitensis in milk samples by PCR, through 
additional investigations. 

11. Recently, OIE Reference Laboratories for Brucellosis have establis-
hed an OIE International Reference Serum for B. melitensis in small ruminants 
(ISaBms). It is now possible to compare the MKD national serum and national 
milk standards to the international ISaMbs serum. 
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R e z i m e  
 

DIJAGNOSTI^KA VALIDACIJA NA BRUCELOZATA KAJ OVCITE 
I KOZITE SO UPOTREBA NA SERUM- I MLEKO-ELISA 

 
Bo{nakovski J., Mitrov D., Naletoski I. 

 
Fakultet za veterinarna medicina, Univerzitet „Sv. Kiril i Metodij“, 

‡ Skopje, R. Makedonija 
 
 

Cel: Da se vovede i validira nova metoda za dijagnosticirawe na 
brucelozata kaj ovcite i kozite na brz, precizen i evtin na~in so pomo{ na 
i-ELISA (serum/mleko) tehnikata. 

Metodi: Koristeni se primeroci na serum i mleko koi na bruce-
loza so RB и reakcija na vrzuvawe na komplementi (RVK) se negativni (n = 
881) i pozitivni (n = 755). Standardizacija ne testovite be{e napravena 
preku Bommeli ELISA-BESW (Brucella Bang) standardot i rabotnite stan-
dardi (MKD) na na{iot institut (pozitiven serum i mleko vrz osnova na B. 
melitensis antigenot).  

Rezultati: Validirawe na serum/mleko ELISA za otkrivawe na 
brucelozata kaj ovcite i kozite be{e izvr{eno. Specifi~nosta dobiena za 
serum ELISA be{e 99.0% spored Bommeli sistemot (so grani~na vrednost – 
cut-off – od 30% na pozitivnost ‡ PP) i 99.4% spored MKD sistemot (so 
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grani~na vrednost – cut-off – od 15% na pozitivnost – PP). ^uvstvitelnosta 
na serum ELISA za istata grani~na vrednost be{e 98.5%  spored Bommeli i 
96.6% spored MKD testot. Paralelnite primeroci na mleko od istite 
`ivotni poka`aa specifi~nost od 99.5% spored Bommeli sistemot (so 
grani~na vrednost od 30% PP) i 99.8% spored MKD sistemot (so grani~na 
vrednost od 25% PP). ^uvstvitelnosta na mleko ELISA be{e 94.6% spored 
Bommeli i 95.6% spored MKD testot. 

Zaklu~ok: Bommeli ELISA i MKD ELISA bea uspe{no standardizi-
rani i validirani kako testovi za potvrduvawe na dijagnozata na B. meli-
tensis so primeroci od ovci i kozi (mleko/serum). Koristej}i go standardot 
za mleko od na{iot institut, nie go potvrdivme uspe{niot skrining na 
brucelozata od zbirni primeroci na mleko od 100 ovci i 100 kozi. 

 
Klu~ni zborovi: ovci, kozi, Brucella melitensis, ELISA-serum, ELISA-mleko, 
validacija. 
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