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Abstract 
As brucellosis have several non-specific clinical phases, the search for reliable diagnosis of the disease is necessary. 
Therefore, for serological determination of brucellosis, rapid immunofiltration tests designated as ERIFA and NERIFA 
and ELISAs were developed and evaluated for diagnostic purposes. The sera were collected from Clinical Microbiology 
Department of Kars State Hospital between 2007 and 2009. These sera were used for determination of sensitivity of 
ELISAs, ERIFA and NERIFA in comparison to rose bengal test, Brucellacapt and serum agglutination tests. In the study, 
highest sensitivity was detected by ELISA, ERIFA and NERIFA, respectively. Specificity was highest with ELISA as 95.2% 
and with both ERIFA and NERIFA as 92.9% and the lowest was with RBT as 90.5%. When two ELISAs were compared 
based on the IgG sensitivity, there was no difference (p<0.05), but the difference was important (p>0.05) when IgM was 
accepted as a criteria for comparison. The current study reports the first evaluation of ERIFA and NERIFA in human beings. 
It is concluded that the RIFA models can be accepted as an ancillary test for diagnosis of human brucellosis in endemic 
countries.

1. Introduction
Brucellosis is a zoonotic disease caused by Brucella genus 
and the disease is widespread, and highly endemic in the 
Mediterranean, Middle East, Latin American, and Asian 
countries[1,2]. The incidence of the disease differs between 
countries with up to 2-3 cases per 1000 population/year[3]. 
As human brucellosis has different clinical symptoms,[4] 
laboratory diagnosis based on isolation, mostly from 
blood culture or the antibody detection is essential. 
However, isolation of the bacteria has several drawbacks 
such as delay in reproduction in primary cultures that 
may detain diagnosis longer than 7 days[4,5]. Moreover, 

sensitivity of blood culture is often low, changing from 
50 to 90% based on the period, Brucella species, culture 
medium, amount of disseminating bacteria, and the blood 
culture technique used[4-6]. Therefore,  sero-diagnostic  
tests are mostly used especially in people with persistent 
infection and recurrences, and in the regions where 
antibodies against brucellosis are prevalent[4,7-9]. Most 
frequently applied diagnostic tests for human brucellosis 
are the Serum Agglutination Test (SAT), the Coombs 
anti-Brucella test, the Rose Bengal test (RBT), and 
Complement Fixation Test (CFT)[7,8]. For a long time, 
radioimmunoassay[9,10] and enzyme immunoassay[7,11-15] 
have also been used. The diagnostic performance of SAT 
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and Brucellacapt has been studied thoroughly[16-19] and 
defined as useful tests. However, there are problems in 
interpretation of the results of these tests, especially for 
low titers obtained from healthy people who had the 
infection earlier in endemic areas[11,18], also for early 
diagnosis or in patients with chronic brucellosis or 
recurrence[19]. Immunochromatographic lateral flow 
assays[20] and immunofiltration based test models known 
as enzymatic (ERIFA) and non-enzymatic (NERIFA) 
rapid immunofiltration assays[21,22] were suggested for 
rapid detection of Brucella-specific antibodies in different 
species in place of highly complicated and more expensive 
tests.

As brucellosis has several non-specific clinical 
phases, the search for reliable diagnosis of the disease is 
necessary. Although much improvement has been made 
for diagnostic purposes, there is still need for the accurate 
detection of brucellosis. In the study, the objective was to 
evaluate rapid immunofiltration based tests designated 
as ERIFA and NERIFA as alternatives to other common 
serological tests and develop and evaluate in-house ELISA 
tests for IgG, IgM and IgA detection in comparison with 
commercially available ELISAs and Brucellacapt. 

2.  Materıals and Methods

2.1 Human Sera
In the study, the groups of sera below were used: (i) a total 
of 136 sera included from brucellosis suspicious people. 
The samples were from a retrospective study performed 
in Clinical Microbiology Department of Kars State 
Hospital between 2007 and 2009. These sera were used 
for detection of sensitivity of ELISA, ERIFA, NERIFA 
and RBT. Positive sera used in the study were selected 
from the patients with the clinical symptoms (prolonged 
fever, joint pain, anorexia, fatigue, lymph adenopathy). 
ii) 30 negative control sera confirmed by blood culture 
and serology were used for the detection of test specificity 
iii) In addition to the samples stated above, 73 positive 
and 37 negative with a total of 110 RBT, Brucellacapt and 
SAT tested sera were used for comparison of ELISAs and 
ERIFA. 

The Rose Bengal Test (RBT)
RBT was conducted as defined by Diaz et al.,[8]. For the 
test, serum was handed out on a card and mixed with 
the same quantity of the antigen (Veterinary Control 

Laboratory; Pendik, Turkey). The card was later moved 
gently at 22 ºC for 8 minutes and any visible agglutination 
was evaluated as positive.

Serum Agglutination Test (SAT)
In the test, whole B. abortus antigen from Pendik 
Veterinary Control Institute was used and the result was 
evaluated after 24 hours of incubation at 37 ºC. The titre 
was accepted as serum dilution disclosing more than 50% 
agglutination[5,17,22,23]. 

Immunocapture-Agglutination (Brucellacapt) 
Test: 
Brucellacapt test (Vircell SL, Spain) was carried out to 
the producer’s directions. Serum dilution was made 
in a U-shaped microplate coated with anti-human 
immunoglobulins. After adding the antigen suspension 
the plates were set at 37 ºC for 24 h  in a damp place[4,13,23,24]. 

2.2 ELISAs
Commercial Novatech (NT) ELISAs were applied to the 
producer’s directions. The set of negative sera was used 
for precision of cut-off points in both home-made and 
NT-ELISAs, besides internal control sera were used for 
NT-ELISA. As an additional test, IgA antibody response 
was determined by ELISA performed according to Genç 
et al.,[15].

Commercial ELISA test
Novatech ELISA kits were used for antibody detection 
of IgG and IgM in sera and the results were compared 
with home-made IgG and IgM ELISA results. The cut-off 
values were determined with 20 Brucella negative control 
sera. 

Home made ELISAs
ELISAs were implemented to detect IgG, IgM, and IgA 
classes antibodies against LPS of the B. abortus S19 
strain[15,25].

Antigen preparation
S-LPS antigen was prepared from B. abortus S19 broth 
culture by hot phenol method described by OIE[26]. 
OPS antigen for ERIFA test was obtained from Dr. 
Ignacio  Moriyon  at University of Navarra, Pamplona, 
Spain. 
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Rapid Immunofiltration Assays (RIFAs)
Two models of RIFA designated as enzymatic (ERIFA) 
and non-enzymatic (NERIFA) as described earlier for 
Mycoplasma gallisepticum infection detection in poultry 
and for brucellosis diagnosis in domesticated animals 
were used[21,22,27]. Both models were implemented on 
nitrocellulose (NC) membrane (Schleicher & Schuell, 
Germany) in the cassette. In this test system, NC 
membrane was also used for capturing all reagents. 
In both formats, all steps are identical except for the 
detection step. 

2.3 ERIFA
This model was performed by Genç et al.,[28]. In this model, 
Brucella antigens were spotted onto the membrane. Test 
cassette was also included human IgG seum (1 mg/ml) 
for internal control. Blocking and washing steps were 
applied with 1% PBST/FG. In all test steps, solutions 
flowed through the membrane. This test was maintained 
with anti-human Ig (A+G+M) mix (Sigma-Aldrich) 
conjugate and the color development was run with BCIP/
NBT (Sigma-Aldrich) substrate. Color development was 
stopped after 1 min of absorption and the results were 
categorized according to intensity and visualization time.

2.4 NERIFA
NERIFA was performed as described by Genc et al.,[28]. 
This model is based on the conjugate, “protein G/colloidal 
gold” (CG/G conjugate) (Arista Biologicals, USA) binding 
to the anti-Brucella antibodies against LPS antigens that 
were separately dotted onto NC filter membrane. After 
addition of serum and washing process, the conjugate 
is added. Following washing, the result is evaluated as 
that of ERIFA in comparison with an IgG as internal 
control. Optimization of the NERIFA was realized with 
monoclonal anti-Brucella LPS antibody (IgG2a, clone 
4B5A), reference strong and weak Brucella positive sera 

and sera obtained from suspicious patients as well as 
negative control. 

Evaluation of Test Results 
In ELISAs, threshold value in each plate was established 
by calculating average means of 20 negative control 
sera plus 2 Standard Deviation (SD). Results above the 
threshold absorbance level were essessed as positive and 
those below it as negative. The SAT and Brucellacapt test 
were performed by 2 fold dilution starting at 1:20, using 
a commercial B. abortus antigen (Pendik and Vircell). 
The agglutinating titer was detected as the serum dilution 
showing 50% agglutination. In the Brucellacapt test, a 
titer of twice the SAT titer was considered as positive, that 
is ≥1:80 for SAT titer and ≥1:160 for Brucellacapt were 
equally evaluated as positive. In RIFA tests, color reaction 
with the internal control and antigen dots indicated that 
the serum was positive, no color reaction with internal 
control showed that the test was invalid.

3.  Results
In the study, highest sensitivity was detected by home-
made ELISA, ERIFA and NERIFA respectively. Lower 
sensitivity was detected as 83% with RBT as shown in 
Table 1. Positivity was confirmed by diagnosis of clinically 
suspicious individuals and serologically by Brucellacapt 
and SAT results. Negative sera were obtained from 
healthy individuals and confirmation was done by SAT 
and Brucellacapt. Specificity was highest with ELISA as 
95.2% and the same as 92.9% was with both ERIFA and 
NERIFA and the lowest was with RBT as 90.5%.

In Table 2, home made ELISAs were compared with 
commercial ones based on the IgG and IgM detections 
and home-made ELISA and ERIFA were also evaluated 
based on the Ig A, M, G mix with RBT, Brucellacapt and 
SAT confirmed sera. When two ELISAs were compared 
based on the IgG sensitivity, there was no difference 

Table 1. Sensitivity and specificity of the RBT, ERIFA and NERIFA in comparison with Brucellacapt and SAT
Brucellacapt-SAT RBT ELISAmix ERIFAmix NERIFA

Positive (n=94)  
Negative (n=42)

+       - +       - +          - +         -

+ve 78          04 91          2 90         3 89         3
- ve 16          38 3          40 4        39 5         39
Sensitivity (%) 83

90.5
96.8
95.2

95.7
92.9

94.7
92.9Specificity (%)
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(p<0.05), but the difference was important (p>0.05) when 
IgM was accepted criteria for comparison. ERIFA and 
home-made ELISA were found concordant with each 
other according to sensitivity and specificity values for 
mix antibody detection. 

4.  Dıscussıon
The diagnosis of brucellosis requires several approaches 
which are not sufficient for accurate diagnosis[12,14,29]. Culture 
is a gold standard method, which is necessary for typing 
of isolates and it is not preferred in routine applications 
due to the long incubation period, infectiousness and low 
sensitivity[1,6,30]. Numerous commercial and home-made 

tests have been developed to identify brucellosis patients. 
Although, agglutination, complement fixation, globulin test, 
Brucellacapt, ELISA have been common[4,14,23,24,31] recently, 
immunochromatographic[20] and immunofiltration tests[21,22] 
are used as ancillary rapid and accurate tests.

Serological detection of Brucellosis in humans 
involves serious problems. The duration of the antibodies 
in patients treated after illness is long and it is difficult to 
distinguish the previously suffered infection. Although 
consensus is available with most of the tests, some concerns 
are also available with dilutions of agglutination tests for 
determination of cut-off value[1,17]. Mantecon et  al.,[17] 
reported that the most sensitive and specific results were 
obtained with SAT, Coombs and Brucellacapt in serum 

Table 2. ELISA and ERIFA results based on the IgG, IgM, IgA and Ig mix conjugates comparison with RBT, Brucellacapt 
and SAT
RBT/ B. capt /SAT home-made ELISA Comm. ELISA ERIFA
Positive (n=73)
+ ve

IgA     IgG
36       58

IgM    mix
23         70

IgM       IgG
40         60

Mix
68

Negative(n=37)
- ve

36      34 34         31 29         28 32

Representetive presentations of ERIFA (Fig 1) and NERIFA (Fig 2) are shown below in respect to this study.

Antigens: 
a: LPSb: OPS
c: control, t: test
Positive sera: 
1, 2, 3 and 4
Negative sera:
5, 6, 7 and 8 
The vertical arrow  indicates internal control.

Figure 1. Representative presentation of ERIFA results.

Antigens: 
a: LPSb: human IgG (internal control)
c: control, t: test
Negative sera:
1, 2 and 3 
Positive sera
4,5 and 6

Figure 2. Representative presentation of NERIFA results.
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dilution of 1:40, but also stated that accepting this value as 
threshold value could be a problem in interpreting Brucella 
serology in endemic regions. This dilution provides more 
than 95% specificity with these 3 tests, but it may lead 
to misdiagnosis of low-titred healthy individuals against 
Brucella. Nevertheless, some authors suggest titrations on 
SAT and Coombs in endemic areas above 1:320 (1), but 
titrations are often applied in 1:160 for SAT and 1:320 for 
Coombs. In these studies, all positive sera in the SAT were 
found positive in Coombs and Brucellacapt test, but 4% in 
the negative samples were found positive at 1:80 and lower 
dilutions with the Brucellacapt test. In addition, at the 
beginning of the acute phase of the disease, Brucellacapt 
titers may be high in chronic or long-term disease states, 
while SAT titres may be low[4].

Because of some drawbacks of agglutination tests, 
co-administration of 2 assays such as brucellacapt and 
ELISA for IgG and IgM is recommended[32,33]. Some 
studies detects IgM specificity as 100% by ELISA for 
the detection of acute brucellosis. However, it was 
shown that IgM positivity was detected in non-infected 
individiual by different serological methods. To increase 
the specificity of the test, sera should be preabsorbed with 
cross-reacting agent prevailing in the region[34]. It allows 
detection of antibodies at various periods of disease. 
Tests such as Coombs, Brucellacapt and ELISA IgG may 
be positive during the acute course of the infection, 
however, in chronic, mixed and focal conditions, SAT 
can be negative[29]. IgGs that are present in the body for 
longer periods after treatment are difficult to distinguish 
from reinfection, recurrence or pre-exposed infection. 
A standard threshold can not be reported since there 
is no standard to determine it precisely. Therefore, it 
was aimed to determine immunoglobulin isotypes 
with higher sensitivity. On the other hand, the use of 
specific tests that detect IgM alone for the diagnosis of 
brucellosis in humans may lead to misdiagnosis[34]. This 
is particularly important in the endemic areas where a 
significant number of people have had Brucella infection. 
So, tests that will detect all immunoglobulin isotypes and 
concentrations correctly are required.

With this study, it was planned to study diagnostic 
validity of rapid immunofiltration-based tests in human 
brucellosis detection based on different immunglobulin 
subtypes either with conjugate combination or protein G 
preference. Different tests and methods were evaluated 

and compared for these rapid tests. As a guidance of 
SAT, a titer of  ≥1:80 is accepted as positive, in the study 
this titer of SAT was compared with the titer of 1:160 of 
Brucellacapt to increase the sensitivity of the test. Other 
tests used in the study were evaluated based on optimal 
titers. It was shown in this study that sensitivity was not 
affected with the dilution. Besides, higher sensitivity was 
obtained with ELISA and ERIFA/NERIFA compared to 
others, respectively.

Regarding IgG, antibodies can not be considered 
as good serological markers for determining active 
infection as they may remain at high titers for many 
years[11]. As ELISA has capablity of determining IgM 
and IgG antibody to the surface antigen of B. abortus, it 
allows better association with the clinical presentation[13]. 
To understand the course of infection based on 
immunoglobulin isotype, specific tests replaced with IgM 
ELISA. In the study, anti-Brucella IgG and IgM antibodies 
to LPS were found concordant with IgG (p<0.05), but the 
difference was important (p>0.05) when IgM parameter 
was concerned. Actually, there are numerous tests 
available, but a few publication on the assesment of ELISA 
in bacteriologically proven state for human brucellosis 
diagnosis[1,5,13,35]. Therefore, to detect the specificity of 
the rapid tests more accurately, brucellacapt and SA tests 
were selected and used together with ELISA.

Renovations in rapid test technology for brucellosis 
detection is on the development of membrane based 
field. In this respect, Lateral Flow (LFA)[36] and Rapid 
Immunofiltration tests (RIFAs) have been recently 
developed for brucellosis diagnosing in different 
species[21,22]. As the diagnostic performance of the 
RIFAs and ELISA were found to be statistically similar, 
these tests can be applied as “an individual quick test”. 
Besides, the ERIFA/RIFA’s advantages over ELISA 
are high performance, simplicity and quickness and 
applicapability in 2 minutes, no need to particular 
material and specialization and offering possible naked-
eye evaluation (seen in Figure 1 and 2).

In this study, we compared these models with 
commonly used tests in clinical trials. In the study, it is 
concluded that SAT or Brucellacapt should be combined 
with either ELISAmix or ERIFAmix/NERIFA in place of two 
agglutination tests. Additionally, there was no difference 
between ERIFA and NERIFA with regard to sensitivity 
and specificity (p<0.05). 
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5.  Conclusıon
It is concluded that it would be appropriate to select 
NERIFA based on the colloidal gold conjugate in lieu 
of enzymatic conjugate in ERIFA. The current study 
reports the first estimation of these test models in human. 
Although limited number of serum samples was used, 
consequently the RIFA models can be accepted as an 
ancillary test for reliable detection of human brucellosis 
in developing countries where the disease is prevalent.
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