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Background: Brucellosis still remains a major health problem with different symptoms and various diagnostic methods. Diagnostic 
methods of brucellosis are usually based on detecting specific antibodies in the patient’s serum. Nowadays, many serological tests are 
applied for the diagnosis of human brucellosis. Most routine tests are serum agglutination tests based on Wright and 2-Mercaptoethanol 
(2-ME).
Objectives: The aim of this study (cross sectional study) was to evaluate the prevalence of brucellosis and assess the degree of agreement 
among serum samples of suspected brucellosis serological tests routinely performed in Mashhad, Iran.
Patients and Methods: This study was conducted in Mashhad from August 2011 to September 2012. Sera (2 - 3 mL) were collected from 83 
cases suspected of brucellosis among 594 patients. Ten serum samples were collected from healthy subjects as control sera. Rose Bengal 
test for initial screening and Wright and 2 ME as standard tests were conducted to determine antibody titers. Thereafter, IgG and IgM levels 
were determined by the Enzyme Linked Immunosorbent Assay (ELISA) method.
Results: Among 83 serum samples, Rose Bengal test was able to identify 20 (12%) positive specimens; the standard tube agglutination 
test was able to detect 30 (18%) positive samples, and the ELISA IgG and ELISA IgM were able to trace 42 (21%) and 13 (6.5%) positive samples, 
respectively. Ten control samples had negative results for the ELISA method. The results were calculated by the Kappa formula. The highest 
level of agreement was among 1 = KRB-SAT tests and the lowest level of agreement was among tests K ELISA IgM-IgG = 0.30.
Conclusions: According to the results, brucellosis has remained endemic in this region. Most cases were detected by ELISA IgG. The 
highest kappa agreements were between tests KRB-SAT, KRB-IgG and KSAT-IgG, while the lowest levels of agreement were between tests SAT-
IgM and ELISA IgM-IgG. Considering that ELISA IgM results are covered by SAT and ELISA IgG test results, applications of this test do not 
seem necessary.
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1. Background
Brucellosis is a zoonotic infection and systemic disease 

in humans and a wide range of animals. The causative 
agents are the bacteria of the genus Brucella, which are 
spread throughout the world (1, 2). Brucellae are gram-
negative and non-motile bacteria, capable of intracel-
lular growth. Brucellosis involves a large scale of organs 
in humans, which are associated with diverse and non-
specific clinical signs and lead to numerous complaints 
from patients, such as drowsiness and anorexia, malaise, 
excessive sweating, weight loss, back pain or arthritis and 
depression. Sometimes physical findings, especially fever 
and lymphadenopathy, mild hepatomegaly and spleno-
megaly are reported in patients and these nonspecific 
symptoms make clinical diagnosis difficult. Accurate 
diagnosis requires paraclinical approaches. Diagnostic 
methods of brucellosis are usually based on detecting 

specific antibodies in the patient’s serum. Nowadays 
many serological tests are applied for the diagnosis of 
human brucellosis (3, 4), Most routine tests are serum 
agglutination tests based on Wright and 2-Mercaptoetha-
nol (2-ME), which were developed in 1897 by Weight et al. 
(5) and nowadays they are still used as reference tests in 
clinical laboratories. Other tests, which were developed 
later, include Rose Bengal, complement fixation, indirect 
coombs and the Enzyme Linked Immunosorbent Assay 
(ELISA) (6). Rose Bengal Test (RBT) is a simple screening 
test used in endemic areas, which may also lead to false-
positive results. Therefore, in these regions Serum Ag-
glutination Tests (SAT) are used to reduce false-positive 
results caused by Rose Bengal (7, 8). Agglutination test ti-
ters in most patients with acute brucellosis showed 1/320 
or more at the end of the second week of disease, where 
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in 20% of patients these titers remain significantly high 
after one year of treatment. Higher levels of agglutinin ti-
ter for Brucella have been reported in patients with Fran-
cisella tularensis and Yersinia enterocolitica, and in patients 
who have recently received a vaccination of cholera or 
have been tested by the Brucella skin test. The ELISA test 
is highly capable of tracking IgG and IgM cross-reacting 
antibodies (9).

2. Objectives
Since brucellosis has multiple phases (acute, sub-acute, 

chronic and disabling horoscope), searching for a reli-
able diagnostic method especially to monitor this ongo-
ing disease is in progress. In this study the agreement 
between routine serological tests for brucellosis diagno-
sis (RB, SAT, ELISA) was measured and the results are re-
ported.

3. Patients and Methods
This study (cross sectional study) aimed to assess the 

level of agreement between serological tests that detect 
brucellosis. It was conducted at the Kenevics district of 
Mashhad, Iran from August 2011 to September 2012 on 83 
serum samples gathered from patients (594 cases) with 
clinical symptoms of brucellosis. The majority of these 
patients were from rural areas. Rose Bengal test was car-
ried out using an antigen kit from the Pasteur Institute 
of Iran. Next, serum agglutination tests based on Wright 
and 2-ME were carried out on samples and antibody titers 
were determined. Wright serum dilutions from 1/20 to 
1/320 were prepared and 0.5 mL of Brucella abortus anti-
gen solution (antigenic kit from Pasteur Institute of Iran) 
was added to these dilutions and incubated for 24 hours 
at 37°C. The last tube with agglutination was considered 
as positive. Wright samples with titers of 1/160 or higher 
and 2-ME samples with titers of 1/80 were considered and 
reported as positive. In many reference books, this titer 
is recommended as a positive (10). The 2ME test was con-
ducted in the same way as the Wright test yet with one 
difference, which was that the antigenic solution was 
mixed with 2ME to break the chemical bonds of IgM. This 
test is able to remove the remaining IgM and IgG, and 
therefore this test is capable of differentiating between 
acute and chronic phases of the disease (11). The ELISA 
IgG and IgM tests were performed on all serum samples 
to differentiate acute and chronic phases of the disease 
(using the Vircell-Granada kit, SPAIN). The test was car-
ried out using the sandwich method according to the 
manufacturer’s instructions. Initially, antibodies in the 

serum of patients were bonded to antigens present in 
the wells, and after the washing step, unbounded anti-
bodies were excluded. In the second stage anti-human 
globulins were added to Ag-Ab complexes formed in the 
previous step with the enzyme. After an additional wash-
ing step, the bonded conjugate would expand by means 
of adding a substrate solution. A blue solution was cre-
ated that changed to yellow after the addition of the stop 
solution. The intensity of the generated color, which was 
proportional to the amount of antibodies, was read at a 
wavelength of 450 nm by the BioTek ELX800 plate reader. 
Values less than 9 U/mL were considered to be negative, 
between 9 - 11 U/mL indicated ambiguous results and val-
ues higher than 11 U/mL were considered as positive re-
sults. Ten serum samples from healthy individuals were 
used as the control of the ELISA test. Calculations were 
performed and the degree of agreement among tests was 
determined. Kappa agreement coefficients were used to 
conduct this evaluation. The statistical analysis was done 
by the Prism software, version 5.0.

4. Results
Amongst 594 patients with clinical symptoms of Bor-

dellos from the Kenvics Heath Center, 83 cases were 
considered as positive and suspicious of Brucella by the 
2-ME and Wright tests. Among these subjects (83 cases), 
34 patients were male and 49 were female between the 
ages of 30 and 50 years. Most of the subjects lived in ru-
ral areas, and thus had a history of contact with animals 
or their products. Of all 83 serum samples, Rose Bengal 
test was able to detect 20 (12%) positive samples; the Stan-
dard Tube Agglutination test was able to identify 30 (18%) 
positive samples and ELISA IgG could detect 42 (21%) posi-
tive samples, mostly with high titers of IgG antibody (25 
to 35). The ELISA IgM was able to trace 13 (6.5%) positive 
samples while the 10 control samples had negative ELISA 
results. The results were calculated using the Kappa for-
mula (Tables 1 and 2).

Table 1.  The Results Calculated Using the Kappa Formula

Kappa Statistic Result

K ELISA IgM-IgG 0.30

KSAT- IgG 0.64

KRB- IgG 0.64

KSAT- IgM 0.54

KRB- IgM 0.54

KRB-SAT 1

Table 2.  Interpretation of Kappa Results

Poor Slight Fair Moderate Substantial Almost Perfect

0.0 20 40 60 80 1.0

Less than < 0 
chance agreement

0.01 - 0.20 Slight 
agreement

0.21 - 0.40 Fair agree-
ment

0.41 - 0.60 Moderate 
agreement

0.61 - 0.80 Substantial 
agreement

0.81 - 0.99 Almost 
perfect agreement
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5. Discussion
According to the results, brucellosis is still endemic 

in this region. In the Kappa formula, six modes were 
considered for all tests and each of the two tests were 
compared with each other. The results were less than 
one;, the closeness of this value to one indicates the 
degree of agreement between the two tests. The results 
showed that the level of agreement between Rose Ben-
gal test and Serum Agglutination Test (SAT) was one (k = 
1), which confirms that there is reasonable consistency 
between the two tests. Rose Bengal test could detect 
20 positive samples out of 83 suspicious sera whereas; 
tube Serum Agglutination Tests detected 30 positive 
sera. The disputes that occurred in identification of 
positive samples between Rose Bengal and SAT might 
be due to the prozone phenomenon in the Rose Bengal 
slide tests and subsequently observation of false nega-
tive results. Therefore, it is better to accomplish tube 
agglutination test along with Rose Bengal slide test. 
After that, the best compatibility was demonstrated 
between Rose Bengal tests-IgG and SAT-IgG (K = 0.64). 
The advantage of using the ELISA method over the ag-
glutination tests is that it prevents the complexities of 
interpreting the results of the SAT obtained by blocking 
antibodies (12). In this study, it was shown that ELISA 
IgG Could be responsible instead of both Rose Bengal 
and serum agglutination tests, and was able to identify 
positive samples with high titers, which were negative 
in the two aformentioned tests. these samples were also 
negative using Coombs'-Wright test and these tests do 
not have enough accuracy in screening chronic brucel-
losis (13). These results were consistent with the study 
of Rajai et al. who detected more positive cases using 
ELISA IgG, than that detected by SAT (14). In most stud-
ies due to the high sensitivity of this test it is referred 
to as the diagnostic test of choice. Results of the ELISA 
IgG could be due to the absence of active disease or oc-
cupational disease. However, this test might be solely 
useful for assessing response to treatments and its ap-
plication along with the two other mentioned tests is 
of great value in detecting suspicious cases due to the 
high level of agreement between these tests. The lowest 
level of agreement was between SAT-IgM and ELISA IgM-
IgG. According to the coverage of ELISA-IgM results by 
SAT and ELISA IgG tests the application of this test does 
not seem to be essential.

Acknowledgements
We gratefully acknowledge the Mashhad University of 

Medical Sciences for financially supporting this work.

Authors’ Contributions
Study concept and design: Hadi Safdari and Hamid Sa-

deghian. Acquisition of data: Samaneh Saedi and Morte-
za Akhlaghi. Analysis and interpretation of data: Hadi 
Safdari and Hamid Sadeghian. Drafting of the manu-
script: Saeed Mohammadi. Critical revision of the manu-
script for important intellectual content: Ali Sadeghian. 
Administrative, technical and material support: Hadi 
Safdari and Hamid Sadeghian.

Funding/Support
This study was supported in part by grant 900667 from 

the Mashhad University of Medical Sciences.

References
1.       Boschiroli ML, Foulongne V, O'Callaghan D. Brucellosis: a world-

wide zoonosis. Curr Opin Microbiol. 2001;4(1):58–64.
2.       Mantecon Mde L, Gutierrez MP, Zarzosa Mdel P, Fernandez-Lago 

L, Colmenero Jde D, Vizcaino N, et al. Influence of brucellosis 
history on serological diagnosis and evolution of patients with 
acute brucellosis. J Infect. 2008;57(5):397–403.

3.       Vakili Z, Momen Heravi M, Sharif AR, Masoomi M. Sensitivity and 
specificity of ELISA test in diagnosis of brucellosis. Kowsar Med J. 
2010;15(2):95–8.

4.       Young EJ. Human brucellosis. Rev Infect Dis. 1983;5(5):821–42.
5.       Weight AE. On the application of the serum test to the differen-

tial diagnosis of typhoid and Malta fever : and on the further ap-
plication of the method of serum diagnosis to the elucidation 
of certain problems in connexion with the duration of immu-
nity and the geographical distribution of disease. The Lancet. 
1897;149(3836):656–9.

6.       Rubio M, Barrio B, Diaz R. Usefulness of Rose Bengal, Coombs and 
counter-immunoelectrophoresis for the diagnosis of human 
brucellosis cases with negative seroagglutination. Enferm Infecc 
Microbiol Clin. 2001;19(8):406–7.

7.       Rubio M, Barrio B, Diaz R. [Usefulness of Rose Bengal, Coombs 
and counter-immunoelectrophoresis for the diagnosis of hu-
man brucellosis cases with negative seroagglutination]. Enferm 
Infecc Microbiol Clin. 2001;19(8):406–7.

8.       Spink WW, Mc Cullough N, Hutchings LM, Mingle CK. A standard-
ized antigen and agglutination technic for human brucellosis. 
Am J Clin Pathol. 1954;24(4):496–8.

9.       Mert A, Ozaras R, Tabak F, Bilir M, Yilmaz M, Kurt C, et al. The sen-
sitivity and specificity of Brucella agglutination tests. Diagn Mi-
crobiol Infect Dis. 2003;46(4):241–3.

10.       Nielsen K, Smith P, Yu W, Nicoletti P, Jungersen G, Stack J, et al. 
Serological discrimination by indirect enzyme immunoassay 
between the antibody response to Brucella sp. and Yersinia en-
terocolitica O:9 in cattle and pigs. Vet Immunol Immunopathol. 
2006;109(1-2):69–78.

11.       Young EJ. Principles and Practice of Clinical Bacteriology. 2nd ed-
West Sussex, England: John Wiley & Sons Ltd; 2006.

12.       Viera AJ, Garrett JM. Understanding interobserver agreement: 
the kappa statistic. Fam Med. 2005;37(5):360–3.

13.       Gad El-Rab MO, Kambal AM. Evaluation of a Brucella enzyme im-
munoassay test (ELISA) in comparison with bacteriological cul-
ture and agglutination. J Infect. 1998;36(2):197–201.

14.       Rajaii M, Naghili B, Pourhassan A. Comparison of ELISA and STA 
tests in diagnosis of Brucellosis. Arch Clin Infect Dis. 2006;1(3).


