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A b s t r a c t: Brucellosis is a worldwide zoonosis with a high degree of morbi-

dity in humans. In Bosnia and Herzegovina a progressive increase of brucellosis among 
humans is evident. As the clinical picture of human brucellosis is fairly non-specific, a 
definitive diagnosis requires isolation of the causative organism, or the demonstration of 
the high levels of specific antibodies, or seroconversion.  

Aim: To analyse the diagnostic value of the Rose Bengal test, blood culture and 
immunoenzymatic test (ELISA IgM and IgG) in patients with brucellosis and to exa-
mine the relationship between these diagnostic methods. 

Methods: We analysed the diagnostic methods in 525 brucellosis patients from 
2004 to 2008. All patients were treated at the Infectious Diseases Clinic, University of 
Sarajevo Clinics Centre. The disease was diagnosed by positive blood culture results 
and/or by positive relevant serologic test results (ELISA, Rose-Bengal plate-agglutina-
tion test). 

Results: In total 162/525 (30.8%) patients had positive blood cultures. The 
Rose Bengal test was positive in all patients – 525/525 (100.0%). Brucella IgM anti-
bodies with ELISA were positive in 341/525 (64.8%). Early in infection, antibodies of 
the IgM class predominate. Brucella IgG antibodies with ELISA were positive in 
236/525 (56%).  

Conclusion: This study clearly showed that only a combination of blood cul-
ture, Rose Bengal test and ELISA ensured early and precise diagnosis of human brucel-
losis. The Rose Bengal test is excellent for screening. Blood culture gave excellent re-
sults in patients with primary infections. ELISA(IgM, IgG) is the method of choice for 
the diagnosis of chronic disease and relapse. 
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Introduction 
 

Brucellosis is a worldwide zoonosis with a high degree of morbidity in 
humans. According to WHO data about 500,000 cases of this disease are regis-
tered in the world every year [1, 2]. Bosnia and Herzegovina did not have any 
significant problems with brucellosis until 2000, when the first cases of human 
brucellosis were registered. Since then the prevalence of brucellosis has increa-
sed and there is no sign of its contrrol.  

In Bosnia and Herzegovina progressive increases of brucellosis among 
humans is evident. There are several reason why brucellosis and other zoonoses 
became a frequent occurence in Bosnia and Herzegovina after the war. Some 
include import of livestock from abroad without taking preventive measures, 
and even more important is import of cattle across the unguarded borders. Ade-
quate prevention of brucellosis requires a multi-disciplinary approach with close 
cooperation between veterinarians, microbiologists, infectious disease speciali-
sts, epidemiologists and public health professionals. 

Brucellosis is a considerable problem in other areas of ex-Yugoslavia. 
In the former Yugoslavia brucellosis was first diagnosed in Istra in 1947. From 
1947 until 1954 Istra became an epidemic area with more than 300 cases. In 1990 
the disease was again diagnosed in Istra, resulting from animal importation 
from the east [3]. In the Republic of Macedonia brucellosis is an endemic dise-
ase, primarily in the Bitola region. The disease was first diagnosed in 1980. In 
the last 25 years about 9,800 human patients were registered [4]. 

In Serbia brucellosis is distributed in Vojvodina in the north and in the 
southern parts of Serbia on the border with Macedonia. In Vojvodina the most 
cases of brucellosis were registered in 2004 with 75 patients [5]. 

The spread of brucellosis represents a classic example of spreading zoo-
nosis as a result of human and animal population interaction. With the appe-
arance of the epidemic of brucellosis recently, we have become conscious of the 
danger of spreading this infection in the region and also of the necessity of close 
collaboration among experts from different specializations with the aim of 
effective diagnostic, therapy and infection control. 

Brucellosis is primarily an animal disease, characterized as an asympto-
matic chronic infection. Infection of humans follows the incidence of brucel-
losis infection in animals. Because of methods of transmission (direct contact, 
aerosol inhalation, food) it is usually a professional disease of consumers of 
unpasteurized dairy products, cattle-breeders, farmers, butchers and members of 
their families, veterinarians and laboratory workers. In humans, brucellosis 
behaves as a systemic infection with a very heterogeneous clinical spectrum. 
The disease usually presents as a fever with no apparent origin, although there 
are focal forms in 20–40% of cases. The diagnosis of brucellosis is based on 
clinical manifestations, epidemiological, anamnestic immune response date and 
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laboratory analyses. The clinical picture in human brucellosis can be mislea-
ding, and cases in which gastrointestinal, respiratory, dermal, or neurological 
manifestations predominate. Because unusual cases with atypical lesions conti-
nue to be reported, diagnosis must be supported by laboratory tests with a defi-
nitive diagnosis by isolation of the causative organism, the demonstration of 
high levels of specific antibodies, or seroconversion. 

The aim of this study was to analyse the diagnostic value of the Rose 
Bengal test, blood culture and immunoenzymatic test ( ELISA IgM and IgG) in 
patients with brucellosis and to examine the relationship between these diag-
nostic methods. 
 

 
Methods 

 
Patient data 
The study included 525 brucellosis patients observed between 2004 and 

2008. All patients were treated at the Infectious Diseases Clinic, University of 
Sarajevo Clinics Centre. The average age of patients was 35.9 years of life – 
range from 0.6 to 70. Most of the cases were between 41 and 50 years of age. the 
gender structure of patients was: 380 (72.5%) males and 145 (27.5%) females. 

All laboratory testing for brucellosis was performed at the Clinical Mic-
robiology Institute, University of Sarajevo Clinics Centre. The disease was dia-
gnosed by positive blood culture results and/or by positive relevant serological 
test results (ELISA, Rose-Bengal slide-agglutination). The study included only 
patients in which all three methods were applied. 
 

Blood culture 
In total 525 blood cultures were examined. Blood culture was perfor-

med by inoculation of 8–10 ml of freshly collected blood into each Plus aero-
bic/F BACTEC bottle and incubation for up to seven days in the BACTEC 9120 
semi-automated system (Becton-Dickinson Diagnostic Instruments Systems, 
Maryland, USA). Bottles were examined for the presence of growth on a 10-
minute cycle by the measurement of CO2-induced fluorescence emitted by the 
sensor at the boottom of the culture. Bottles giving a positive growth index were 
Gram stained and subcultured onto blood agar plates. Brucella isolates were 
identified by conventional biochemical testing (catalase, oxidase and urease 
activity; glucose fermentation and production of H2S). Brucella spp. suspected 
isolates were confirmed by slide agglutination using type-specific antisera (Mu-
rex Diagnostics, Dartford, United Kingdom). 
 

Serological tests 
For serology, blood samples were centrifuged and the serum stored at –

20OC until tested. All sera were evaluated using the Rose-Bengal test and 
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ELISA (IgM and IgG). The Rose-Bengal plate agglutination (RB test) was 
performed according to standard procedures. Undiluted serum samples (30µL) 
were mixed with an equal volume of Rose Bengal Slide Screening Test antigen 
(bio Merioux, Marcy L Etoile/France) on a white agglutination card. Rose 
Bengal antigen is a concentrate suspension of Brucella abortus 99WS 
(Weybridge), inactivated by heating and preserved in phenol (0.5%), stained 
with Rose Bengal stain. 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 immunosorbent assays (ELISAs) 
were obtained from Genzyme Virotech GmbH/Germany. The test was perfor-
med and evaluated according to the kit procedure. The test result was read auto-
maticaly by a BEP 2000-Behring ELISA processor. 
 

Statistical analysis 
For the evaluation of the results, standard statistical methods were used. 

Statistical analysis was performed by using a Chi-square test. Statistical signifi-
cance was defined as p < 0.05. 

In our study we observed the ethical principles outlined in the World 
Medical Association Declaration of Helsinki. 
 
 

Results 
 

In this study we evaluated the diagnosis of brucellosis by blood culture, 
Rose Bengal test, and ELISA IgM and IgG. The study included 525 brucellosis 
patients observed between 1st January 2004 and 31st July 2008. We examined 
only one specimen for any type of test in each patient because the purpose of 
study was to analyse the effectiveness of test methods at different stages of ill-
ness. We also examined the relationship between these diagnostic methods.  

In total 162/525 (30.8%) patients had positive blood cultures. Positive 
blood cultures were detected very early, mostly during the first week of infec-
tion (5%). In more than 2/3 patients blood cultures were positive in the first 
month of infection (Figure 1). In the graph the time of diagnosis of brucellosis 
was marked on the abscisa axis (5th, 7th, 15th day etc.).  

Brucella IgM antibodies measured by ELISA were positive in 341/525 
(64.8%). Brucella IgG antibodies determined by ELISA were positive in 
236/525 (56%). Early in infection, antibodies of the IgM class predominate. The 
peak level was reached 4 weeks later. After 6 months IgM antibodies were not 
detectable (Figure 2). IgG antibodies were detected 10 days after IgM antibo-
dies. The peak level was reached after 2 months (Figure 3). 
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Figure 1 – Results of the examined blood cultures at different stages of illness presented 

as a percentage of the total of patients 
Slika 1‡ Rezultati od ispituvanite kulturi na krv vo razli~ni 

stadiumi na bolesta prika`ani kako procent od vkupniot broj pacienti 
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Figure 2 – Results of ELISA IgM as a percentage during different stages of illness 

Slika 2 ‡ Rezultati od ELISA IgM kako procent vo tek  
na razli~ni stadiumi na bolesta 

 
In more than 2/3 of the patients, blood cultures were positive in the first 

month of the infection. There was a relationship between blood culture and the 
presence of IgM antibodies. Results of these methods showed a correlation in 
59.3% of the patients: in 31.8% of the patients both methods were negative, and 
in 27.5% both methods were positive. The χ2 (Chi square test) demonstrates a 
statistically significant correlation between blood culture and the presence of 
IgM antibodies (p = 0,001). 
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Figure 3 – Results of ELISA IgG as a percentage during different stages of illness 
Slika 3 ‡ Rezultati od ELISA IgG kako procent vo tek na razli~ni 

stadiumi na bolesta 
 

IgG antibodies were detected 10 days after IgM antibodies. The peak 
level is reached after 2 months.These antibodies were detected longer than 12 
months (Figure 4). 
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Figure 4 – Review of results in percentages at different stages of illness performed  

by different diagnostic tests 
Slika 4 ‡ Pregled na rezultatite vo procenti vo tekot na razli~ni 

stadiumi na bolesta dobieni so razli~ni dijagnosti~ki testovi 
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Discussion 
 

Brucellosis represents a prevalent disease in humans and animals in our 
country. Since the symptoms of brucellosis are non-specific, a clinical diagnosis 
of the disease is difficult. Therefore, its accurate diagnosis necessitates the use 
of specific tests, mainly culture and serologic tests. 

In this study we evaluated the diagnosis of brucellosis by blood culture, 
Rose Bengal test, and ELISA IgM and IgG. The study included 525 brucellosis 
patients observed between 1st January 2004 and 31st July 2008. In total 
162/525 (30.8%) patients had positive blood cultures. In more than 2/3 patients 
blood cultures were positive in the first month of infection. This finding sugges-
ted that blood culture is the method of choice for definitive diagnosis in the 
acute phase of the disease. Blood culture demonstrated a high sensitivity in pati-
ents with primary infections but this technique has limitations as a laboratory 
test in a rural area in which brucellosis is endemic [6–8]. Although blood cul-
ture is the “gold standard“ in the diagnosis of brucellosis, culture may someti-
mes be negative due to factors inherent to the growth of the microbe. Isolation 
of the bacteria is hazardous and brucellosis is one of the most common labora-
tory-acquired infections [9]. Jordi Serra et al. (1995–1998, Spain) analysed the 
importance of blood culture as a diagnostic method. They described the limita-
tions of this method in endemic areas of brucellosis. In this country patients in-
fected for a prolonged period show induction of immunity. Coincidental sero-
conversion and septic forms of brucellosis are rare [10].  

Despite the important advances made in the diagnostics of human bru-
cellosis following the general introduction of new semi-automated methods for 
blood culture processing, diagnosis of this disease is still based mostly on the 
demonstration of specific antibodies by means of different serological techni-
ques. This is mainly because the greatest incidence of brucellosis is found in 
under-developed countries with poor technical resources. 

A large number of different tests have been used for the serological 
diagnosis of brucellosis, thus demonstrating the lack of a single ideal technique. 
Rose Bengal is a rapid plate agglutination test that uses a suspension of Brucella 
abortus in an acid buffer. It has a high degree of sensitivity for the diagnosis of 
infection with Brucella spp., irrespective of the stage of the disease. This high 
sensitivity, together with the fact that the technique is simple and rapid (4 min.), 
makes the Rose Bengal test ideal for screening patients for human brucellosis. 
In our study the Rose Bengal test was positive in all patients 525/525 (100.0%). 
This results were expected because in our study only brucellosis patients were 
included. Use of the Rose Bengal test as the sole diagnostic tool to establish tre-
atment of brucellosis in endemic areas is not a reliable practice, especially with 
individuals who are exposed repeatedly to infection, or who have a recent his-
tory of the disease. Ruiz-Mesa et al. [11] analysed the Rose Bengal test results 
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of 711 brucellosis patients in a rural region of Spain. The test had a sensitivity 
value of 92.3% and a specificity value of 75%. The conclusion of this study was 
that the Rose Bengal test was a useful method for screening but that results 
must be confirmed by other relevant methods [11]. The Rose Bengal test conti-
nues to be the mainstay of laboratory diagnosis, due to its simplicity, low cost, 
and convenience (> 90% sensitivity) in the diagnosis of acute brucellosis. Ho-
wever, this test suffers from a high false-negative rate in complicated and chro-
nic cases. Because of the limitations of the Rose Bengal test, other assays, espe-
cially ELISA, which can determine the classes and subclasses of immunoglobu-
lins in a sensitive and simple manner, can be used as confirmatory tests [12, 13]. 

In our study Brucella IgM antibodies with ELISA were positive in 
341/525 (64.8%). Brucella IgG antibodies with ELISA were positive in 236/525 
(56%). Early in infection, antibodies of the IgM class predominate and it is 
evident that the IgM antibody may be detected during the first week following 
the entry of the bacterium into the host. The peak level is reached 4 weeks after 
exposure. There was a relationship between blood cultures and the presence of 
IgM class antibodies. Results of these methods correlated in 59.3% of the pa-
tients: in 31.8% of the patients both methods were negative, and in 27.5% both 
methods were positive. The χ2 (Chi square test) demonstrates a statistical signi-
ficance between blood culture and the presence of IgM antibody (p = 0.001). 

IgG antibodies were detected 10 days after IgM antibodies in this study. 
The peak level was reached after 2 months. The appearance of IgG antibodies is 
delayed although it is found together with IgM 4 weeks after the initial anti-
genic stimulus; the IgM antibody level always exceeds the IgG antibody level in 
the acute stage of the disease. In our study, in a few patients in the acute phase 
of brucellosis with bacteremia, only IgM antibodies were detected. Several stu-
dies have shown that ELISA is the test of choice for the diagnosis of complica-
ted and chronic cases, especially when other tests are negative [14–16]. In many 
studies performed with ELISA, it was determined that IgG positivity and an inc-
rease of the antibody titers were of considerable value in detection of relapsed 
cases and in patients with chronic infections [17, 18]. 

This study showed that the diagnosis of brucellosis was established in 
the different phase of the disease. In a few of the patients brucellosis was diag-
nosed 5 days after the first symptoms appeared, but in most cases patients were 
ill for a prolonged period before the diagnosis was established. In some of the 
patients brucellosis was diagnosed as late as 12 months after the first symptoms 
appeared. Patients performed unsuccessful health checks without a precise dia-
gnosis. In cases where the doctor immediately suspected brucellosis and used 
corresponding diagnostic methods the diagnosis of brucellosis was made in an 
early stage of the illness. Early and precise diagnosis of brucellosis and inclu-
sion of adequate antibiotic therapy are of crucial importance to the patients, 
especially for protection against the development complications and to decrease 
the occurence of relapses of disease. 
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As we compared results of the test methods according to the appearance 
of symptoms, we showed that results were different at different stages of illness. 
the effectiveness of the test methods was different at different stages of illness 
and so only a combination of blood culture, Rose Bengal test and ELISA(IgM, 
IgG) ensured an accurate diagnosis.  
 
 

Conclusion 
 

In Bosnia and Herzegovina brucellosis is progressively increasing 
among humans. The diagnosis of human brucellosis may be very difficult. Mic-
robiological methods are very important in the diagnosis of the disease. The 
present study deals with the usefulness and significance of blood culture and se-
rology tests in the diagnosis of human brucellosis. This study clearly showed 
that the effectiveness of some diagnostic methods for brucellosis in man are dif-
ferent at different stages of illness, and so only a combination of blood culture, 
Rose Bengal test and ELISA (IgM, IgG) ensured accurate diagnosis.  
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EVALUACIJA NA NEKOI DIJAGNOSTI^KI METODI  
ZA BRUCELOZA KAJ LU\ETO ‡ PETGODI[NA STUDIJA 

 
 [i{irak M., Huki} M., Kne`evi} Z. 

 
Institut za klini~ka mikrobiologija, Univerzitet vo Saraevo, 
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Voved: Brucelozata prestavuva zoonoza prisutna vo celiot svet so 
visok stepen na morbiditet kaj lu|eto. Vo Bosna i Hercegovina eviden-
tirano e progresivno zgolemuvawe na brucelozata pome|u lu|eto. Poradi 
toa {to klini~kata slika na brucelozata kaj ~ovekot e dosta nespecifi-
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~na, definitivnata dijagnoza bara izolacija na predizvikuva~ot, demon-
strirawe na visoki nivoa na specifi~ni antitela, ili serokonverzija.  

Cel: Da se analiziraat dijagnosti~kite vrednosti na Rose Bengal 
testot, kultura od krv i imunoenzimski test (ELISA IgM i IgG) kaj pa-
cienti so bruceloza i da se utvrdi korelacijata pome|u ovie dijagnosti~ki 
metodi.  

Metodi: Dijagnosti~kite metodi bea analizirani kaj 525 pacienti 
so bruceloza vo periodot od 2004 do 2008 godina. Site pacienti bea tre-
tirani na Klinikata za infektivni bolesti, Klini~ki centar, Univer-
zitet vo Saraevo. Zaboluvaweto be{e dijagnosticirano so pozitivni tes-
tovi na kultura od krv i/ili pozitivni relevantni serolo{ki rezultati 
(ELISA, Rose Bengal aglutinaciski test na plo~ka).  

Rezultati: Vkupno 162/525 (30,8%) pacienti imaa pozitivni kul-
turi od krv. Rose Bengal testot be{e pozitiven kaj site pacienti 525/525 
(100,0%). Brucela IgM antitela so ELISA bea pozitivni kaj 341/525 (64,8%). 
Rano, vo tek na infekcijata, predominiraa antitela od klasata IgM. 
Brucela IgG antitelata so ELISA bea pozitivni kaj 236/525 (56%).  

Zaklu~ok: Ovaa studija jasno poka`uva deka edinstveno so kombina-
cija na kultura od krv, Rose Bengal test i ELISA se osiguruva rana i pre-
cizna dijagnoza na bruceloza kaj ~ovekot. Rose Bengal testot e odli~en za 
skrining na brucelozata. Kulturata od krv dade odli~ni rezultati kaj pa-
cienti so primarna infekcija. ELISA (IgM, IgG) e metod na izbor za dija-
gnoza na hroni~na bolest i recidivi.  
 
Klu~ni zborovi: bruceloza, infekcija, laboratoriska dijagnoza, serolo-
gija, kultura od krv.  
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