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For the diagnosis of human brucellosis it is essential to perform diagnostic tests because of the wide 
variety of clinical manifestations of the disease. Serological tests are widely used for the diagnosis of 
brucellosis. However, blocking substances limit the use of standard tube agglutination test. Two 
hundred and forty two (242) serum samples were collected from healthy persons and persons in high-
risk occupation. For each sample, the rose Bengal, IgM ELISA, IgG ELISA, serum tube agglutination test 
(SAT) and anti-nuclear antibody (ANA) tests were performed. Three sera in which rose Bengal or ELISA 
and ANA tests yielded positive results were having lower level of SAT titer. By an in vitro experiment, 
efficacies of ANA nucleolar pattern to the false-negative reaction in the SAT were supported.  
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INTRODUCTION 
 
Brucellosis remains a worldwide veterinary and medical 
disease contributing to significant health and economic 
problems (Dean et al., 2012b). Because the symptoms 
(fever, headache, fatigue, and arthralgia) of brucellosis 
are nonspecific, it is generally included in the differential 
diagnosis of various rheumatic diseases such as 
systemic lupus erythematosus and rheumatoid arthritis 
(Mert et al., 2003). The relationship between 
autoimmunity and brucellosis is not clear and there are 
very limited publications about this interaction (Kojan et 
al., 2012). Antinuclear antibodies could be found in the 
sera of a brucellosis patient during the active stage of the 
disease (Gotuzzo et al., 1985) and those autoantibodies 
might be related to false negative results of serological 
tests for brucellosis (Yumuk et al., 2007).  

The laboratory tests are  usually  required  to  diagnose  

brucellosis (Mantur et al., 2007). Culture of brucella 
microorganisms from body specimens is time consuming 
and is often unsuccessful particularly in the chronic form 
(Mantur et al., 2007). Thus the diagnosis of chronic 
brucellosis depends largely on serologic tests. However, 
the value of agglutination tests are severely limited by the 
unacceptable high proportion of false negative results 
(Araj et al., 1986). Blocking agglutination reactions are 
accounted for the failure to detect agglutinins in the 
serum of patients with brucellosis (Hall and Manion, 
1953; Huddleson et al., 1945; Young, 1991; Zinneman et 
al., 1959). Blocking antibodies appear during the 
subacute stage of infection, tend to persist for many 
years independently of activity of infection, and are 
detected by the Coombs antiglobulin method (Brooks et 
al., 2007). 
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Determination of ANA, a heterogeneous group of 
autoantibodies against nuclear antigens, is useful for 
predicting some connective tissue diseases. ANA may 
occur in both physiologic and pathologic conditions. From 
the standpoint of laboratory diagnosis, autoantibodies are 
relatively common in humans without autoimmune 
disease. If sufficiently sensitive methods are used, 
autoantibodies may well occur universally as a normal 
mechanism for purging the body of effete cell products. 
Such (naturally occurring autoantibodies) are usually 
present in low titer, have relatively poor affinity for their 
corresponding antigen and largely belong to the IgM 
class. Such is not always the case, however; sometimes 
IgGs with reasonable binding affinities and elevated titers 
are present even in the absence of disease (Rose, 1996). 
The initial autoantibody screening test is usually by 
immunofluorescence on HEp-2 cells. HEp-2 cells allow 
recognition of over 30 different nuclear and cytoplasmic 
patterns that are given by upwards of 50 different 
autoantibodies. The two most common ANA patterns are 
homogeneous, speckled and nucleolar staining patterns. 

Since, it is known that the autoantibodies are one of the 
reason for the false negative results of agglutination tests 
(Gotuzzo et al., 1985), there is no data concerning the 
detail of autoantibody and agglutination tests interactions 
in the literature.  In this study, we aimed to further 
investigate the autoimmune aspect of false negative 
results for the serological diagnosis of brucellosis. We 
found that anti-nucleolar antibodies, kind of a antinuclear 
antibody pattern, might be the reason more frequently for 
the false negative results. 
 
 
MATERIALS AND METHODS 
 

Two hundred and forty two (242) serum samples were collected 
from healthy persons and persons in high-risk occupation such as 
veterinarians, abattoir workers and veterinary laboratory personnel, 
who had contact with infected animals, their carcasses, or their 
blood. For each sample, the rose Bengal, IgM ELISA, IgG ELISA, 

serum tube agglutination test (SAT) and antinuclear antibody (ANA) 
tests were performed. 

The rose bengal test with antigens purchased from Chromatest, 
Linear Chemical, Spain, was performed and interpreted according 
to routine methods and criteria. This uses as antigen a dense 
suspension of smooth Brucella cells stained with rose bengal and 
suspended in an acid buffer. Briefly, the rose bengal test was 
performed by mixing a drop of serum spotted on a glass plate with 
an equal volume of the antigen. The result was read after 2 min. 

ELISA tests were performed and interpreted according to the 
manufacturers’ instructions (Virotech Brucella ELISA IgG/IgM test 
kit, Genzyme Virotech, Rüsselsheim, Germany). All sera were 
diluted 1:100 with dilution buffer. After 30 min of incubation at 37°C, 
the plate was washed four times with washing solution, and 100 μl 
of ready to use conjugate was dispensed into each well. After 
further incubation for 30 min at 37°C, plates were washed four 
times with washing solution. The assays were developed by adding 

100 μl of substrate solution, and the reaction was stopped after 30 
min in the dark by the addition of 50 μl of citrate stopping solution to 
each well. The color intensity was determined at 450/620 nm.  

 
 
 
 

Virotech Units (VE) were calculated according to the following 
equation: [(absorbance of patients serum) / (absorbance of cut-off 
control)] x10. The cut-off value, determined with positive and 

negative sera, was 10 VE. If the measured values were above 9.0 – 
11.0 (borderline value), they were considered to be positive. 

For serum tube agglutination test (SAT), dilutions of serum were 
made in 0.5 ml volumes of phenol saline (0.85% NaCl containing 
0.5% phenol) in 65x12 mm round-bottomed agglutination tubes. To 
each dilution was added an equal volume of Brucella abortus S99 
antigen (Seromed Company, Istanbul, Turkey) diluted 1:10. Each 
serum was titrated to at least 1:2560 to avoid errors due to prozone 
phenomena. Each batch of tests included a positive 1:1280 control 
and a negative saline control. The tubes were kept at 37°C for 2 
days and read in indirect light. A definite agglutination of the 
suspension was read a positive reaction. If prozone phenomenon 
was encountered, the higher dilution agglutination was recorded. 

For the Coombs test, the SAT was performed as described 
above except that any tube containing serum that failed to 
agglutinate were centrifuged at 2000g for 15 min. The supernatant 
was discarded and the remaining antigen was re-suspended in 

PBS. This process of centrifugation and re-suspension was 
repeated three times. After the final wash, the cells were re-
suspended in 0.9 ml of suitably diluted goat antihuman globulin 
(AHG) was added to each tube. After thorough mixing of their 
contents, the tubes were incubated at 37°C for 24 h and 
reexamined for agglutination.  

Anti-nuclear antibody (ANA) and related patterns were 
determined by indirect immunofluorescence using HEp-2 cells 
(Euroimmun, Lubeck, Germany). Briefly, all sera were diluted 1:100 

with phosphate-buffered saline; those positive for ANA were diluted 
further to 1:500 or 1:1000. Titer between these dilutions was 
estimated from the staining intensities. Microscopy was performed 
by a microbiologist. For evaluation of fluorescence intensity and 
pattern, a fluorescence microscope (Zeiss, Germany) at a 
magnification of X400 was used. 
 
 
RESULTS 
 
All sera were screened for ANA by indirect 
immunofluorescence method. Twelve (5.0%) sera were 
found to be ANA positive with various pattern and titer 
such as speckled, homogenous or anti-mitochondrial and 
titer one, three or five, respectively. Coombs test were 
also performed to the ANA positive samples. In three 
samples, which were nucleolar pattern positive, Coombs 
titer was found to be meaningful with 4 to 16 fold than 
SAT titer (Table 1).  

Of 242 sera from study population, seven (2,9%) were 
found to be positive with rose Bengal test. Two (28.6%) 
of seven rose Bengal positive sera were found to be 
ANA, nucleolar pattern positive.  In one sample, although 
RB was negative, ANA was found to be nucleolar pattern 
positive. The later was also found to be borderline 
positive with ELISA IgG. While RB was negative, ELISA 
IgG borderline and ANA nuclear pattern were found to 
positive in only one sample (Table 2).   

In order to determine the efficacy of autoantibodies to 
the performance of SAT, three sera with a SAT titer of 
1:160 and one sera with a SAT titer of 1:1280 were 
diluted with a 1:1000 titer nucleolar pattern positive serum  
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Table 1. Positive anti-nuclear antibody samples and corresponding serological test results. 
 

No. of 

Serum 

ANA** 
Serologıcal tests 

ELISA (VE)* 
RB 

SAT 

(Titer) 
Coombs 

Pattern Titer IgG IgM 

15 Nucleolar + 1.7 2.4 Pos 1:40 1:640 

17 Speckled + 0.3 0.4 Neg 1:20 1:40 

23 Homogenous + 6.6 1.4 Neg 1:20 1:40 

35 Anti-mitochondrial antibodies ++++ 1.8 1.2 Neg 1:40 1:40 

51 Anti-mitochondrial antibodies + 0.5 0.3 Neg 1:40 1:80 

60 Speckled + 0.3 0.6 Neg 1:40 1:80 

72 Nucleolar + 9.8 0.7 Neg 1:80 1:320 

89 Nucleolar +++ 10.9 2.4 Pos 1:40 1:320 

122 Nucleolar + 0.3 5.1 Neg 1:40 1:80 

125 Homogenous + 0.2 1.1 Neg 1:20 1:40 

129 Speckled + 0.1 1.4 Neg 1:40 1:80 

189 Homogenous +++++ 0.7 1.8 Neg 1:20 1:40 
 

*VE: Virotech Units; According to the manufacturer’s instructions, Borderline: 9 – 11 VE; Positive: >11 VE; Negative: <9 VE. ** ANA: anti-
nuclear antibody; Pos: Positive; Neg: Negative. 

 
 
 

Table 2. Brucellosis positive samples with serological tests and corresponding ANA results.  

 

No of Serum 

Serologıcal tests 

ANA** ELISA (VE)* 
RB SAT 

IgG IgM 

15 1.7 2.4 Pos 1:40 Nucleolar 

29 10.7 2.3 Pos 1:160 Neg 

55 24.8 1.7 Pos 1:160 Neg 

72 9.9 0.7 Neg 1:40 Nucleolar 

74 20.4 24.7 Pos 1:1280 Neg 

76 11.8 1.9 Neg 1:40 Neg 

86 14.7 1.1 Neg 1:40 Neg 

89 10.9 2.4 Pos 1:20 Nucleolar 

105 16.3 1.7 Pos 1:80 Neg 

182 17.7 2.5 Pos 1:160 Neg 
 

*VE: Virotech Units; According to the manufacturer’s instructions, Borderline: 9 – 11 VE; Positive: >11 VE; Negative: <9 VE. ** ANA: anti-
nuclear antibody. Pos: Positive; Neg: Negative. 

 
 
 

sample, each at a ratio of 1/4. ANA-positive serum were 
semi-quantitated by diluting the sera to 1:1000 by saline 
solution. Coombs test were performed to the sera which 
were found to be negative. The ANA nucleolar pattern 
positive serum that was used in this study was obtained 
from a patient who was known to have an autoimmune 
disease. After dilution of SAT positive samples of various 
titers with nucleolar pattern positive samples, SAT titers 
were decreased to the titer of 1:10. Thereafter, Coombs 
test were revealed 5 to 16 fold of beginning SAT titer 
(Table 3). 

DISCUSSION 
 
In the absence of culture facilities, the diagnosis of 
brucellosis traditionally relies on serological testing with a 
variety of agglutination tests such as the Rose Bengal 
test, the serum agglutination test (SAT), and the 
antiglobulin or Coombs’ test (Franco et al., 2007: Dean et 
al., 2012a). This is mainly because the greatest incidence 
of brucellosis is found in underdeveloped countries with 
poor technical resources, as well as the fact that it tends 
to occur in rural communities (Ruiz-Mesa et al., 2005).  
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Table 3. Efficacy of anti-nuclear antibody to the SAT titer in serum sample.  
 

No. of serum 
Samples diluted with phenol saline  Samples diluted with ANA positive serum and phenol saline 

SAT titer SAT titer Coombs titer 

29 1:160  1:10 1:2560 

55 1:160  1:10 1:2400 

74 1:1280  1:10 1:6400 

182 1:160  1:10 1:2560 

 
 
 

In this study, anti-nuclear antibodies (ANA) were 
considered as a reason for false negative results of the 
serological tests (Tables 2 and 3). The reason for the 
adverse effects of ANA on the diagnostic yield of the 
agglutination tests might be related to structural similarity 
(molecular mimicry) between microbial and self-antigens 
(Lernmark, 2001). Besides their structural similarity, auto- 
and blocking antibodies both appear to be consequence 
of working immune mechanisms  (Hall and Manion, 1953; 
Huddleson et al., 1945; Young, 1991; Zinneman et al., 
1959; Brooks et al., 2007; Rose, 1996; Lernmark, 2001; 
George and Shoenfeld, 1996; Khan et al., 2008; Van 
Eenennaam et al., 2002).  

Autoantibodies, instead of acting against foreign 
invaders as normal antibodies do, attack the body's own 
cells. Anti-nuclear antibodies are a unique group of 
autoantibodies that have the ability to attack structures in 
the nucleus of cells. Homogeneous, peripheral, speckled 
and nucleolar are the most commonly recognized 
patterns by using the fluorescent antinuclear antibody 
test. The latter, which is also called Anti-nucleolar pattern 
is a common finding on routine autoimmune screening 
(Khan et al., 2008) with  prevalence of 1.8 to 3.8% (Khan 
et al., 2008; Van Eenennaam et al., 2002). Although anti-
nucleolar activity was found in patients suffering from 
systemic lupus erythematosus, rheumatoid arthritis, 
Sjögren syndrome, polymyositis/dermatomyositis, mixed 
connective tissue disease and primary Raynaud’s 
phenomenon, for some settings it is usually a non-
specific finding (Khan et al., 2008). 

In the present study, five percent of the population was 
found to be ANA positive which is comparable with 
previous studies. In a large scale study, natural 
autoantibodies were found in 4 to 13% of healthy 
individuals (George and Shoenfeld, 1996). The 
prevalence of anti-nucleolar pattern, in this study, was 
found to be a little less than the prevalence of the 
previous studies. This might be related to the differences 
between the study populations.  

According to these study results, establishing a 
diagnosis of brucellosis and prescribing a suitable 
therapy based on positive serological test in patients with 
ANA therefore seems not to be justified. Performing ANA 
testing in presumptive brucellosis cases will be time 
consuming and laborious and it requires highly trained 

personnel. Moreover, in resource-poor countries, 
especially among persons at high risk for brucellosis, 
ANA testing would most likely be excluded due to cost 
and/or availability. Therefore, it is suggested that in the 
diagnosis of human brucellosis, Coombs test might be 
evaluated in conjunction with ANA testing. 

In conclusion, the roles of autoantibodies at the false 
negative results of serological tests for brucellosis were 
supported. Also, as a result of this study anti-nucleolar 
pattern which is one of the most common pattern of anti-
nuclear antibodies are found to adversely affect the 
serological tests for brucellosis. However, to have definite 
decisions, extensive studies with larger populations are 
needed. 
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