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Abstract Fluorescence polarization assay (FPA) is a
method that has been used for the diagnosis of brucellosis
in animals for many years. To test its possible usefulness
for the diagnosis of human brucellosis, 230 sera from
patients with clinical signs of brucellosis and positive
serological tests (Rose Bengal, Standard Agglutination
Test, iELISA), and 305 sera from a healthy population
with no clinical/epidemiological/serological evidence were
examined with FPA. By using ROC analysis, the cut-off
value was estimated at 99 mP, with 93.5% sensitivity (95%
CI 89.5–96.3) and 96.1% specificity (95% CI 93.2–97.9).
The pairwise comparison of ROC curves between FPA and

iELISA and between FPA and RBT revealed no significant
statistic difference (P<0.05). On the contrary it revealed a
significant statistic difference between FPA and SAT (P>
0.05). SAT also had the lowest sensitivity (81.7%) among
the three tests used in case definition while iELISA had a
sensitivity of 90.8% and RBT a sensitivity of 88.7%. The
Kappa analysis showed that FPA has a very good
agreement (0.92) with the “status of the disease” and with
iELISA (0.837). According to our results, FPA seems to be
a valuable method for the diagnosis of brucellosis in
humans. Taking into consideration the advantages of the
method such as the speed of results obtaining, the
objectivity of results interpretation, as well as the cost,
FPA could be considered as a replacement for other
established methods. However, further studies are needed
to assess the reproducibility of FPA.

Abbreviations
RBT Rose Bengal Test
SAT Serum agglutination test
FPA Fluorescence polarization assay
BP Brucella positive
BN Brucella negative

Introduction

Brucellosis is an important zoonosis in many parts of the
world. The Mediterranean basin, the Arabian Peninsula, the
Indian subcontinent, Central (Mexico) and South America,
are the areas with the highest reported incidence of
brucellosis in humans [1].
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The epidemiology of brucellosis differs between endemic
and not endemic areas. In endemic areas, the disease is
transmitted mostly by ingestion of contaminated diary
products (unpasteurized milk and its products: white cheese,
fresh butter or cream, etc.), direct contact with infected
animals and their discharges and poor personal hygiene. On
the contrary, in non-endemic areas, the infection is almost
exclusively occupational and veterinarians, abattoir workers,
farmers and laboratory personnel are in the highest risk
category. The usual ways of infection is through skin,
conjunctiva and respiratory system [2]. There are also a few
reports of human-to-human transmission by tissue or bone-
marrow transplantation, blood transfusion and sexual contact
[3], but these types of infection are very rare and not
important. The clinical diagnosis of human brucellosis may
be very difficult due to variable clinical symptoms, chronic-
ity of the disease, occurrence of subclinical, atypical or
localized infections, paucity of the characteristic symptoms,
previous antibiotic therapy and Brucella species. Thus,
bacteriological and serological examinations are usually
essential for confirmation of diagnosis [4, 5].

The diagnosis of brucellosis is made with certainty when
Brucella spp. is isolated from blood, bone-marrow or tissue
cultivation. Since the primary isolation is difficult, time-
consuming, requires special media and a Biosafety Level III
cabin, and presents a risk for laboratory personnel, the
confirmation of diagnosis in humans is based mainly on
serology.

The standard tube agglutination test (SAT) still remains
the basis from which all other methods are compared. The
limitations of SAT are that it cannot be used for large
numbers of sera (especially in small general hospitals
covering large endemic rural areas as happens in Greece)
and it is both a work and time intensive test. Additionally, it
has low sensitivity (Sn) in chronic and localized cases and
it often gives false positive results because of cross-reaction
with other gram-negative bacteria [6, 7].

The Rose Bengal test (RBT), which is another agglutina-
tion test, has high sensitivity and relatively low specificity
(Sp) [8]. It is quick, inexpensive and easily performed and
can be used as a rapid screening test in endemic areas [9].
The RBT also gives false positive reactions with other gram
negative bacteria, albeit to a lesser extent than SAT [10].

The Brucella enzyme linked immunosorbent assay
(ELISA) has been reported to be highly sensitive and
specific and its major advantage is the determination of
specific IgG, IgM and IgA brucella antibodies in blood,
serum and CSF [11]. Moreover, ELISA has a higher
sensitivity and detects different classes of immunoglobulins
than SAT [12]. The problem of cross-reaction with other
bacteria is even more less in ELISA. Most ELISAs,
including our commercial ELISA kit, use internal cell
protein antigens (cytoplasmic antigens) and the anti-

human IgG factor in order to avoid the problem of cross-
reactions with other bacteria [4, 13].

Fluorescence polarization assay (FPA) was validated for
the diagnosis of bovine [14], ovine [15] and swine [16]
brucellosis. It measures the antibody binding to antigen
directly, based on a fluorescent dye attached to a small
antigen or an antibody fragment, which is excited by plane-
polarized light in a specific wavelength. When the
molecular size of the antigen remains unchanged (absence
of antibody), the rate of rotation and consequently the light
polarization also remains constant. On the other hand, when
the molecular size is increased (existence of an antigen-
antibody complex), its rate of rotation is reduced and the
light polarization becomes high. The change of this rate can
be measured by a fluorescence polarization analyser and the
result is expressed in millipolarization (mP) units.

The aim of the present study is the comparison of FPA
performance with that of RB, SAT and ELISA (IgM and
IgG) and its possible application in the diagnosis of human
brucellosis in a region where the infection is endemic both
in animals and humans.

Materials and methods

Samples

Three hundred and seventeen blood samples were collected
from patients who attended the local hospitals in the region
of Thessaly during the years 2002–2004 with clinical
features suggesting brucellosis and had been referred to
the laboratory with possible brucellosis: signs and symp-
toms with at least one risk factor (occupation, animal
contact, consumption of unpasteurized milk, etc.). The
confirmation of diagnosis was made by laboratory exami-
nation. All samples were examined by SAT, Rose Bengal
and ELISA (IgG and IgM) tests.

Three hundred and eighteen blood samples were also
collected from healthy individuals who visited the same
hospitals in the same period as blood donors. All these
samples were also examined with SAT, Rose Bengal and
ELISA (IgG and IgM) tests.

Definitions

Brucellosis positive (BP) Patients who exhibited (1) clinical
signs compatible with brucellosis, (2) at least one risk factor
and (3) a positive reaction at least in two of the current used
serological tests, were characterized as brucellosis positive.

Brucellosis negative (BN) Healthy individuals who had (1)
no clinical signs suggesting brucellosis, (2) no epidemio-
logical link and (3) negative reaction to all the serological
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tests were characterized as brucellosis negative. Fluores-
cence polarization assay was then performed in all
brucellosis positive and brucellosis negative blood samples.

Serological tests

All blood samples were centrifuged at 1,000 g for 20 min
and serum was separated from the clot, aliquoted and stored
at −20°C until tested.

Standard tube agglutination test The SAT test was per-
formed by the tube dilution method as described by Alton
et al. [17] with commercial Brucella abortus antigen
(Cypress Diagnostics CV, Langdorp, Belgium). All samples
were diluted from 1:20 to 1:10,240 and incubated with
antigen for 24 h at 37°C. The agglutination reactions were
read by indirect light against a white background and the
results were scored as follows: 0=no agglutination (nega-
tive), 1+=25% agglutination, 2+=50% agglutination, 3+=
75% agglutination and 4+=100% agglutination. The titer of
the sample was suggested to be the highest dilution in
which there was 50% agglutination (2+). All samples that
had a titer of ≥1:160, were suggested as positive.

Rose Bengal Test The RB test was performed as described
by Alton et al. [17] with commercial B. abortus antigen
(Synbiotics Corporation, Europe SAS, Lyon, France). 30 μl
of serum was mixed in room temperature with 30 μl of
antigen on a flat glass plate divided into 40 square (15 mm)
cells and shook for 4 min on a single-directional to and fro
rocker (30 oscillations per minute). Results were considered
to be positive in the presence and negative in the absence of
agglutination.

ELISA (IgG and IgM) test Both IgG and IgM ELISA tests
were performed using commercial kits (Panbio Ltd, Wind-
sor, Qld, Australia) [18]. The ELISA microplate testing was
performed exactly as described in the manufacturer’s
procedure manual. All the steps of the ELISA procedure
(washing, incubation and absorption reading) and the final
estimation of the titer as positive or negative were done
automatically using an automated EIA analyser (Triturus
Grifols SA, Barcelona, Spain) and the Triturus software
(Triturus Ver 3.00b), respectively.

Fluorescence polarization assay FPA was conducted in 96-
well flat bottom black polysterine microtiter plates, type
COS96fb manufactured by Corning USA. Initially, 200 μl
of dilution buffer was placed in each of the three wells in
the first column (A1, B1, and C1) and were designated
buffer controls. In each of the remaining wells, 180 μl of
dilution buffer and 20 μl of test sera were added.

The dilution buffer was provided by the manufacturer in
25X concentrate form and the working dilution was
prepared using ultra-clean sterile water. In each microplate,
positive and negative control sera of bovine origin, which
had been provided by the manufacturer, were used in
duplicate. Buffer and serum samples were mixed, setting
the microplate on a rotating microplate shaker for 2 min at
room temperature. After the initial mixing, a background
reading was taken at fluorescence polarization mode by a
multi-mode microplate reader (Tecan Genios Pro) connected
to a laptop computer. Subsequently, 10 μl of antigen (O-
polysaccharide from B. abortus strain 1119.3 prepared and
conjugated with FITC) as described by Lin and Nielsen was
added to all wells [19]. After mixing for 3 min at room
temperature, a second reading was taken. The reader
automatically subtracted the background reading and calcu-
lated a value for every sample in millipolarization units (mP).
The reagents used in this assay were manufactured by
Diachemix, Whitefish Bay, WT, USA and supplied by
Prionics AG Switzerland.

The fluorescence polarization reader was calibrated by
the use of blank and low polarized standards, which were
included in the kit together with the antigen. The calibration
was made automatically; the instrument takes the value of
the low polarized standard (fixed at 25 mP) and calculates
an internal compensation factor (G-factor) which is utilized
in the equation for calculating the final results. The
measurement parameters of the instrument were set for
gain at 55, integration time at 40 μs and at 10 flashes per
well per second. The filter for excitation wavelength was at
485 nm and 535 nm for emission. The results of each
microplate measurement were accepted if the mP values of
positive control were >180 mP, of negative control 60–
85 mP and buffer control >70 and <80 mP according to the
manufacturer’s instructions.

Statistical analysis

All the data were entered in a database created in the
statistical program MedCalc (version 8.0.1.0). The cut-off
value, the Se, the Sp and the area under curve (AUC) and
their 95% CI were determined with ROC analysis using the
statistical program MedCalc. The ROC curves comparison,
the pairwise comparison of them and the k-value were
estimated by using the MedCalc software.

Results

From the 317 patients with possible brucellosis, 230 gave
positive results at least in two of the tests performed (RBT,
SAT, ELISA IgG and IgM) and were considered as
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brucellosis positive (BP). From the 318 healthy individuals
with no brucella evidence, 305 gave negative results in all
same tests and were considered as brucellosis negative
(BN). The 230 BP and the 305 BN sera results were used
for the ROC analysis. As shown in Fig. 1, the area under
curve for the FPA was estimated at 98.1 (95% confidence
interval 96.6–99.1 and standard error 0.006).

A cut-off value of 99 mP was selected because it gave the
maximum sum of sensitivity and specificity (189.6) and was
considered to be the optimum value. Any serum showing a
value of exactly 99 mP was considered as negative.

For this cut-off value the FPA detected 215 from the 230
BP blood sera with values ranging from 100 to 310 mP and
gave 15 false-negative results ranging from 87 to 99 mP,
while from the 305 negative blood sera detected 293
samples with values ranging from 35 to 99 mP and gave
12 false-positive results ranging from 100 to 111 mP
(Table 1). One sample gave a result of 35 mP, which was
the same in repeated measurements. The specific reasons of
having such a low mP value still remain unclear. Perhaps
there were some unknown factors in the serum which
inhibited the fluorescence of the antigen.

For the same cut-off value, the sensitivity and the
specificity were determined to be 93.5% (95% confidence
interval 89.5–96.3) and 96.1% (95% confidence interval
93.2–97.9) respectively. For this value, the positive likeli-
hood ratio was also 23.76 and the negative likelihood ratio
was 0.07. The sensitivity, specificity and AUC of ROC
analysis of all the tests performed are presented in Table 2.

The comparison of ROC curves of all the tests performed
is presented in Fig. 2, while the results of pairwise
comparison of ROC curves are presented in Table 3.

The pairwise comparison of ROC curves, in particular the
comparison of FPA vs. ELISA, FPA vs. RBT and ELISA vs.
RBT, did not reveal any significant statistic difference (P>
0,05), as compared to FPA vs. SAT and ELISA vs. SAT,
which revealed significant statistic difference (P<0,05).
Finally the comparison of RBT vs. SAT remained unsolved
(P=0,05).

Kappa statistic was used to assess the agreement of the
results of each test with the BP patients. The agreement of
the results of every test with all the others was also assessed.
According the interpretation of Altman [20] the strength of
agreement is very good when the K value is 0.81–1, good at
0.61–0.8, moderate at 0.41–0.6, fair at 0.21–0.4 and poor
when the K value is 0–0.2. The results of Kappa statistic
revealed a very good agreement for FPA vs. BP, FPA vs.
ELISA, FPA vs. RBT, ELISA vs. BP, ELISA vs. RBT, SAT
vs. BP and RBT vs. BP. They also revealed a good
agreement for SAT vs. FPA, SAT vs. ELISA andd SAT vs.
RBT. The results of Kappa statistic are presented in Table 4.
The results of Kappa analysis are presented in Table 4.

Discussion

The clinical signs and symptoms of brucellosis are usually
severe but may be confused with various other diseases that
require a different therapeutic approach. Therefore an easily

Table 1 2×2 table of FPA vs. brucellosis status

Brucellosis

BPa BNb Total

FPA Positive 215 12 227
Negative 15 293 308
Total 230 305
Sensitivity 215/230=93.4%
Specificity 293/305=96.1%

a Brucellosis positive
b Brucellosis negative

Fig. 1 ROC analysis of sensitivity (%) plotted against 100−specificity
(%) gave a various cut-off values of FPA for detection of antibodies
against Brucella. The optimum cut-off was considered to be 99 mP

Table 2 Sensitivity, specificity and AUC of ROC analysis of all the
tests performed

Tests Sea (95% CI) Spb (95% CI) AUCc (95% CI)

FPA 93.5 (89.5–96.3) 96.1 (93.2–97.9) 98.1 (96.6–99.1)
ELISA 90.8 (86.3–94.2) 100 (98.8–100) 95.4 (93.3–97)
RBT 88.7 (83.9–92.5) 100 (98.8–100) 94.3 (92–96.1)
SAT 81.7 (76.1–86.5) 100 (98.8–100) 90.9 (88.1–93.2)

a Sensitivity
b Specificity
c Area under the curve
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performed, cheap and reliable test would be of great value in
differentiating these disorders. A considerable number of
serological tests have been developed since 1897, when
Wright and Smith described the first test for diagnosis of
brucellosis. Many of these tests were modified in various
ways in order to increase the performance.

The most economical and most widely used laboratory
tests in diagnosis of the disease are the agglutination tests SAT
and RBT. Among these tests, SAT still remains the reference
test for the diagnosis of human brucellosis in many countries
of the world. Studies comparing the results of SAT and RBT
have reported a considerable concordance [21] and the
interpretation of their results is largely subjective. Many
other serological tests have been widely studied such as the
Coomb’s test, the 2-mercaptoethanol test, the complement
fixation tests (warm and cold), the primary binding assays
(indirect and competitive ELISA), the radio-immunoassay
(RIA), the passive hemagglutination test and the Brucella
fluorescent antibody test. The advantages of these tests are
the high sensitivity and specificity and the ability to detect
the non-agglutinating antibodies and their immunoglobulin
classes which is of great importance in the chronic and
localized forms of the disease but some of these are complex,
laborious and expensive and may involve radiation hazards

[12]. Among the tests, ELISA is the most sensitive and
specific [22].

The isolation of Brucella spp. by blood, tissue or bone-
marrow cultures is the only mean of definitively proven
infection while a single serological test is insufficient for
diagnosis. At least two of the later have to be used in parallel
or be combined to avoid false negative or false positive
results, respectively [17].

In addition to serology, molecular means such as polymer-
ase chain reaction and a great number of modified PCR
techniques (PCR-RFLP, AP-PCR, REP-PCR, ERIC-PCR,
RAPD-PCR and real-time PCR) are used in many laboratories
for the diagnosis of human brucellosis [22]. These means
allow the detection of specific brucella DNA sequences by
amplification of very few molecules of DNA. The disadvan-
tages of these techniques are that they are expensive, time
consuming and require specialized laboratories and person-
nel. Thus they cannot be used in many regions of the world,
except developed countries.

Despite the great number of laboratory methods, conclu-
sive evidence of infection is still only possible by culture.
However, serology, because of its advantages such as lower
cost, the rapid obtaining of objective results and its ability to
be performed by nonspecialized personnel, still has an
important role to play in diagnosis of the disease.

FPA is a widely used diagnostic method in animal
brucellosis and has many advantages: e.g., it is a rapid method
with only one-step dilution of serum, does not depend on the
kind of sample (whole blood, serum or plasma), does not
require specialized personnel, is relatively inexpensive and,
because data are obtained electronically, it is an objective test.
[23, 24]. Another advantage of the method is that it gives the
ability to be used with appropriate modifications for a
particular area or epidemiological characteristics, by increas-
ing or decreasing the cut-off value.

We intended to test FPA in Greece, because it is a new
serological method that has not been used in diagnosis of
human brucellosis widely and because this infection is

Table 3 Pairwise comparison of all the tests performance

Pair of tests AUCa difference P value

FPA vs. ELISA 0.005 0.692
FPA vs. RBT 0.016 0.261
FPA vs. SAT 0.051 0.002b

ELISA vs. RBT 0.011 0.463
ELISA vs. SAT 0.046 0.007b

RBT vs. SAT 0.035 0.05b

a Area under the curve
b Statistical significant differences (P<0.05)

Table 4 Test agreement (K value) with brucellosis positive and
agreement of different test results

Serological tests K value (95% CI)

FPA vs. BPa 0.92 (0.89–0.95)
ELISA vs. BP 0.92 (0.88–0.95)
RBT vs. BP 0.90 (0.86–0.94)
SAT vs. BP 0.84 (0.79–0.88)
FPA vs. ELISA 0.84 (0.79–0.88)
FPA vs. RBT 0.83 (0.78–0.87)
FPA vs. SAT 0.77 (0.71–0.82)
ELISA vs. RBT 0.84 (0.79–0.88)
ELISA vs. SAT 0.76 (0.71–0,82)
RBT vs. SAT 0.77 (0.72–0.83)

a Brucellosis positive

Fig. 2 Comparison of ROC curves of all the tests performed
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endemic in our country [25, 26]. For these reasons, we
selected to confirm the cut-off value of the assay by using
positive and negative sera as described previously and
comparing it with SAT, RBT and ELISA.

With the cut-off value of 99 mP, the specificity was 96.1%
and the sensitivity was 93.5%. Although the specificity of
FPA defined in this study was the lowest compared with that
of other tests performed, it must be considered to be high
especially in an endemic country like Greece where the
officially reported cases are 21/1,000,000 per year [27], but
the true incidence of brucellosis is 21–30/100,000 [28].
Since the selection criterion for negative reference sera was
the results of the other tests used in the study, it is expected
that their specificity would be at 100% and this perhaps
would tend to bias both the sensitivity and specificity results
in favour of the tests used in definition of BN samples. The
defined sensitivity and specificity of FPA in this study
compared with that of the other tests defined in previous
studies appears to be equal or higher than them. In a review
of the literature, Al Dahouk et al. presents the sensitivity
and specificity of the other tests referred in previous
studies as following: iElisa: Se 94–100% and Sp 97–
100%, RBT: Se 90–95% and Sp 84–98% and SAT: Se
51–96% and Sp ≤100%, depending on the presence of
IgM titers with nonspecific activity [22]. The 15 false-
negative results might be related to bad affinity of the antigen
with the antibody or with low titer of serum antibodies as
happens in all the serological tests that have a sensitivity
<100%. The 12 false-positive sera might be correlating to
serum quality (small clots or other particles present in the
serum could impair the passage of light beams and interfere
with the measurements). Another reason could be the cross-
reactions with antibodies produced in response to bacteria
with structurally related antigens, possibly including Yersinia
enterocolitica O:9, Escherichia coli O:157, Salmonella
serotypes of Kaufmann-White group N and Stenotrophomo-
nas multopfilia [5]. It must be pointed out that in Greece, the
cases of Y. enterocolitica infection are very few and are
related mainly with children suffering from b-thalassaemia.
The infection of E. coli O:157 is also very rare with only one
case reported in 2006. Thus the probability of false-positive
results related to cross-reacting bacteria is very limited. For
the same cut-off value, the sensitivity of FPA was 93.5%,
which is also deemed a high percentage.

The comparison of our results and Lucero et al. [18],
revealed small differences in sensitivity and specificity
values (Se: 93.5 vs. 96.1 and Sp: 96.1 vs. 97.9) and a
remarkable difference between the cut-off values of the two
studies (99 vs. 72). The difference in the sensitivity values
between our study and Lucero’s could be due to the
population tested. In the Lucero study, the positive population
is a culture-proven population and a population where all
serology had to be positive, while in our study, only serology

was used with two tests needing to be positive.. The difference
in the cut-off values could be due to the local conditions or the
different process of the method between the two studies.
Lucero et al. used a transparent glass tube with 1 ml buffer,
while we used only 100 μl of buffer in each black opaque well
of a 96-well microplate. The reading instruments were also
different as different was the calibration procedure. Finally,
the different buffer we used could be responsible for this large
discrepancy for the FPA cut-off between both tests. Lucero et
al. [18] used a single tube device, while we performed the
test using a 96-well FPA reader. The use of such a reader
makes the FPA more rapid, easier and cheaper than the use
of a single tube one.

The FPA and iELISA were the tests with the higher
sensitivity. Comparing the sensitivities of the current used
tests, FPA had the higher value, while SAT had the worst.
ELISA had a slightly lower Se than that referred to in
bibliography, while SAT’s and RBT’s Se were according with
it [1, 29]. For the sum of Se+Sp, the results were in the
following order of magnitude: iELISA > FPA > RBT > SAT.

The AUC values of all the tests (all greater than 90%) show
that these tests have high discriminatory ability since their
AUC value is between 90 and 100% [30]. The highest AUC
value of FPA indicates that in 98.1% of the cases, the test
will correctly identify a patient as brucellosis positive if his
serum has a value greater than the determined cut-off.

The pairwise comparison of the ROC curves revealed that
FPA is in agreement uppermost with iELISA and secondarily
with RBT (no significant statistic difference) and is signifi-
cantly different from SAT. The results obtained by FPA with
Kappa analysis were in a very good agreement (0.92) both
with the “status of the disease” as defined previously or with
that obtained by iELISA (0.919) and RBT (0.826) and was in
good agreement with those obtained by SAT (0.77).

The results of this study revealed that FPA has an
accuracy equal to iELISA’s and RBT’s and is a significantly
superior diagnostic test to the SAT; the latter had the worst
accuracy of all the current used tests. The fact that the results
of FPA are equivalent to those from iELISA is in accordance
with other studies comparing FPA with standardized tests
used in the diagnosis of animal brucellosis [24, 29].

According to our results, FPA seems to be of significant
value for the diagnosis of human brucellosis, even though
there is not much experience with the laboratory use of the
assay. Since there are many differences between animal and
human disease (localized forms, multi-system complica-
tions, etc.) and the nutrition of each host, further studies of
FPA are needed. Such studies should be performed in
various different settings such as endemic and not endemic
areas, acute, chronic, or localized form of the disease, and
bad nutritional habits or pathological situations (high levels
of cholesterol, triglycerides, etc.) that could have an effect
to the estimation of the polarization. It is also necessary that
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the reproducibility of the test be evaluated with further
studies in order for FPA to be introduced as a routine test.
Moreover, it would be interesting to test patients with Y.
enterocolitica O:9 and Salmonella group N infections with
FPA to document the existence of cross-reaction in a future
study. It would also be very interesting to see what the
specificity of FPA is in patients showing clinical signs, but
without brucellosis and without pre-screening of samples
with serology; although, due to lack of sensitivity with
bacterial culture or PCR, it is difficult to demonstrate with
certainly that such people are free of disease.
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