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ABSTRACT

Fluorescence polarization assay (FPA) is a homogeneous
technique which was applied to the serological diagnosis of
bovine brucellosis. Because of its simplicity and because it
may be performed very rapidly, it was an ideal test to adapt
to field use. The FPA was used to test cattle on six dairy farms
in Baja California, Mexico. Anticoagulated blood, serum, and
milk were collected from each animal. The anticoagulated
blood was tested immediately on the farm while serum and
milk were tested subsequently in the laboratory. Cattle on one
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farm (n¼ 140) were thought not to be infected with Brucella
abortus and the other farms were thought to have high prev-
alence of the infection. The whole blood FPA (FPA(bld)) did
not detect antibody in any of the cattle on the first premise.
This finding was confirmed using a number of other serologi-
cal tests, including the buffered antigen plate agglutination
test, the complement fixation test, the indirect and competitive
enzyme immunoassays, and the FPA using serum and milk.
Cattle on the other premises (n¼ 1122) were tested in a similar
fashion. The sensitivity of the FPA(bld), relative to the serum
FPA (considered the definitive test), was 99.1% and the rela-
tive specificity of the FPA(bld) was 99.6%. These results
compared favourably with those obtained using the other
serological tests.

Key Words: Fluorescence polarization assay; Field test;
Comparative serology; Brucellosis

INTRODUCTION

The fluorescence polarization assay (FPA), for detection of antibody
to Brucella sp., was validated as a serological test for bovine brucellosis
using serum,[1–3] and for a number of other species.[4–6] The premise of the
FPA is that a small molecule rotates rapidly in a random fashion when in
solution. If the molecule is labelled with a fluorochrome, the rate of rota-
tion may be measured using polarized light and assessing depolarization. If
the size of the molecule is altered, enlarged by attachment of an antibody,
its rate of rotation is slower and the polarized light is depolarized more
slowly. The change in rate of rotation is almost instantaneous and may be
measured without removing unreacted reagents. This makes the FPA a
very simple and rapid test to perform and, therefore, is an ideal candidate
for field use, allowing considerable savings in shipping charges, time, and
overhead costs.

Because the fluorescence polarization analyzer is computer con-
trolled, data may be stored and communicated electronically for tracking
and record purposes. Preliminary investigations suggested that the FPA
was adaptable to testing anticoagulated blood chuteside[7] and using
milk.[8] To validate the use of the FPA with whole blood and milk, further
testing was required at the farm level and more milk data was needed.
This communication reports data obtained by testing whole blood on six
dairy farms, five with and one without brucellosis, and comparing the
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data to that obtained in the laboratory using matched serum and milk
samples.

EXPERIMENTAL

Samples

Six herds were selected. One (n¼ 140) was without serological and
epidemiological evidence of brucellosis for several years. The other herds
(n¼ 1122) were selected based on a high prevalence of serologically positive
animals in previous herd tests. Clotted blood, blood anticoagulated with
EDTA, and milk were collected from each cow. The anticoagulated blood
was tested immediately after collection. Clotted blood was centrifuged and
the serum was removed and frozen at �20�C until tested. Milk samples were
stored at 4�C until tested.

Serological Tests

Brucella abortus S1119.3 was used as a source of antigen for all tests.
The buffered antigen plate agglutination test was performed according

to the OIE Manual.[9] Briefly, 80 mL of serum was mixed with 30 mL of
antigen for 8min and agglutination was assessed visually.

The CFT of Samagh and Boulanger[10] was used. Serum dilutions,
starting at 1 : 5 were incubated with antigen and three CH50 units of guinea
pig serum overnight at 4�C. Indicator system, sheep erythrocytes sensitized
with rabbit antibody, was added, incubated at 37�C, and the degree of
hemolysis was graded.

The indirect serum enzyme linked immunosorbent assay (IEL(srm)),
the milk IELISA (IEL(mLk)), and the competitive ELISA (CELISA) util-
ized smooth lipopolysaccharide (LPS) antigen passively attached to a poly-
styrene matrix. For the IEL(srm), serum diluted 1 : 50 and, for the
IEL(mLk), milk diluted 1 : 2 was added for 30min followed by monoclonal
antibody specific for a heavy chain epitope of bovine IgG1 (M23), conju-
gated with horseradish peroxidase (HRPO) for an additional 30min.
Substrate (1.0mM H2O2) and chromogen (4.0mM ABTS) were added for
10min with constant shaking after which colour development was assessed
in a spectrophotometer at 414 nm. A washing procedure took place between
each step. Results were expressed as a percent of a strong positive control
added to each polystyrene plate along with a weak positive control, a nega-
tive and a buffer control. The IEL(mLk) also utilized a positive and negative
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milk control. For the CELISA, serum diluted 1 : 10 was added to an appro-
priately diluted monoclonal antibody specific for a common epitope of the
O-polysaccharide portion of LPS for 30min. The detection reagent was
a goat anti-mouse IgG-HRPO (Jackson ImmunoResearch, West Grove,
PA, USA) appropriately diluted and added for 30min followed by the
substrate/chromogen as for the IEL(srm). A washing procedure was
performed between each step. Data was expressed as a percentage of an
uninhibited control. All ELISA procedures are detailed in Ref. [11].

The fluorescence polarization assay (FPA) was described in Ref. [6].
Briefly, serum was diluted 1 : 100, blood and milk 1 : 50 in 0.01M tris,
pH 7.0, containing 0.15MNaCl, 10mMEDTA and 0.05% Igepal CA630
and mixed. After an initial measurement to assess non-specific fluorescence
in an FPM Sentry Analyzer (Diachemix Corp., WI, USA), a small
molecular weight O-polysaccharide fragment (approximately 22 kd average)
conjugated with fluorescein isothiocyanate (Sigma Fine Chem Corp., MO,
USA) was added and mixed. The serum and milk samples were incubated
for 2min and a final polarization measurement was made. The whole blood
was incubated with antigen for 15 s before assessed for polarization. The
analyzer subtracted background fluorescence and provided a net result in
millipolarization units (mP). In all cases, controls consisting of a strong
positive and a weak positive serum as well as sera from a B. abortus S19
vaccinated and a negative animal were included. For the serum and milk
FPAs, the cutoff between positive and negative results was 90mP while for
the whole blood FPA, the cutoff was set at 95mP.[7]

Data

All samples giving a positive result were retested as is common diag-
nostic procedure. The data was compiled and the % agreement with the
serum FPA was calculated using receiver operator characteristic analysis.[12]

All sensitivity and specificity estimates are relative to the serum FPA. Kappa
analysis was performed comparing results of the various tests.

RESULTS

The results for the herd (n¼ 140) without any evidence of brucellosis
are compiled in Table 1. Using the serum FPA(srm) as the definitive test, the
specificity of the other assays used were calculated. For each test the cutoff is
indicated.
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The results for the herds with B. abortus infection and the negative
herd (n¼ 1262) were also based on the serum FPA(srm). In these herds, 228
animals gave positive results in the FPA(srm). Relative sensitivity values
were calculated based on the reactivity of these 228 sera in other tests.
Similarly, the specificity data was calculated relative to the 1034 sera
which were negative in the FPA(srm). These data are presented in Table
2. Of the 1034 negative sera, 36 (3.5%) fixed complement in the absence of
antigen (AC) and some of the positive sera gave some AC reactivity but it
did not exceed the level of the specific complement fixation and therefore did
not interfere with the diagnosis.

The reaction observed in tests of animals 57J and 941O in Table 3
(positive values are highlighted) could be due to a mixup of the labels on the
blood/serum/milk tubes prior to testing. This was confirmed by testing the
blood in CELISA (CEL bld) and IEL(bld) in which it gave positive
reactions, agreeing with the FPA(bld) while serum and milk data with the
exception of the BPAT (BPA srm) and the IEL(srm) both of which could be
positive due to residual antibody to B. abortus S19. Serum 393O is interest-
ing in that it may represent an animal in the very early stages of infection
with B. abortus, giving positive results only in the (FPA srm) and IEL(srm)
and in the milk FPA(mLk) and IEL(mLk).

Kappa statistics comparing the FPA(bld) to the other serological tests
were determined and are presented in Table 4.

The remainder of the discrepancies were sporadic.

Table 1. Specificity Values (%) for the Serological Tests Relative to the

Serum FPA(srm)

Test Cutoff Specificity (%)

FPA(bld) 95mP 100

CELISA 31% I 97.9
IEL(srm) 62% P 100
BPAT þ/� 100
CFT AC� 1 : 5 100

CFT ACþ 1 : 5 97.8
FPA(mLk) 87mP 99.3
IEL(mLk) 32%P 100

The CELISA gave three false positive reactions, all of which were nega-
tive in all other tests. The sera that gave false positive results were differ-
ent in each test. In the CFT, 3 sera were anticomplementary (AC) and a

diagnosis could not be made. Therefore 2 values were calculated in which
the AC sera were considered positive or negative.
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DISCUSSION

There are considerable advantages to chuteside testing of animals for
evidence of infectious disease, obtaining results before the animal is released.
It not only saves shipping costs and delay in obtaining results but it decreases
loss of production by reducing stress with a single restraint procedure. This is
particularly useful when testing wild animals such as bison. It would be even
more advantageous if milk (where available) could be tested as it is very cheap
to obtain by non-invasive methods. In this study we have tested cattle on six
dairy farms for brucellosis using the FPA at the farm. Of the six farms, one
was selected because there had been no evidence of brucellosis in the cattle for
a period of time. The other five farms were thought to have a relatively high
prevalence of brucellosis. All animals were bled (using EDTA as an anti-
coagulant and clotted blood) and milk samples were obtained. The EDTA-
blood samples were tested immediately. The serum and milk samples were
tested subsequently in the laboratory. For this study, the FPA test using
serum was used as the standard for comparison to the FPA(bld) using
EDTA-blood, CELISA, IELISA, BPAT and CFT using serum and FPA
and IELISA using milk. From Table 1, it is clear that all the tests performed
well, the CELISA giving three false positive reactions and the FPA (mLk)

Table 2. Sensitivity and Specificity Values (%) Relative to the FPA(srm) and

Using the Same Cutoff Values as Table 1

Test
Sensitivity
(%)

Specificity
(%) P.I. Prob.

FPA(bld) 99.1 99.6 198.7 99.8
CELISA 98.7 98.4 197.1 99.7
IEL(srm) 99.1 96.4 195.5 99.4
BPAT 96.5 98.3 194.8 97.4

CFT AC� 98.2 98.8 197.0 98.9
CFT ACþ 98.2 95.3 193.5 98.9
FPA(mLk) 89.5 98.2 187.7 96.4

IEL(mLk) 96.5 96.3 192.8 98.2

Since the 36 AC sera were not FPA(srm) positive, they were not considered in the
calculation of the CFT sensitivity value. A summary of the sera that did not agree

with the FPA(srm) is presented in Table 3. The PI column refers to the performance
index, the sum of the percent sensitivity and specificity values. The prob. column
indicates the probability of the test being correct 95% of the time, based on the area

under the curve of the receiver operator characteristic (ROC) analysis (not shown).
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with one false positive reaction, while the CFT gave 3AC reactions. Thus the
specificity of all the serological tests were initially established using a herd
with no evidence of brucellosis.

The data for the six herds was combined for analysis. This data is
presented in Table 2. Receiver operator characteristic analysis (ROC) was
performed on the data from each assay and the sensitivity and specificity
values were used to determine a performance index (P.I.) as well as the area
under the ROC curve (Prob.) which is a measurement of the test accuracy
(the 95% probability that the result is correct) are also presented in Table 2.
The FPA(bld) and the CELISA performed best, resulting in 99.8 and 99.7%
probabilities (at the 95% confidence level) that the results were correct. All
the other tests were more than 96% accurate. From the data it was clear that
the sensitivity and specificity values obtained with the FPA(bld) made it a
valuable asset for screening at the farm level while the FPA(mLk) was
somewhat less sensitive (9.6%) and slightly less specific (1.4%). These results
may improve when more data is accumulated and when milk samples can be
tested fresh at the chute (it was decided not to test the milk in situ due to the
risk of live Brucella sp. being present in some samples). A technique for
inactivating organisms in the milk without influencing the results is under
investigation. Thus it remains to be determined if milk may be used to screen
for brucellosis antibodies.

Table 3 lists the results obtained with 3 samples that gave inconsistent
results in the various tests. The negative serum and milk results and positive
blood results obtained with sample 57J is most likely a result of mislabelled
vials. The explanation(s) for samples 393O and 941O remain undetermined,
however, it is interesting to note that if sample 393O is from an animal in the
early stages of infection, the FPA(srm) and IEL(srm) were the most sensitive
assays for antibody detection but antibody was also found in milk in this
particular animal. All other discrepancies were sporadic, with only one assay
giving an uncorrelated result. Overall, there was agreement between the

Table 4. Kappa Statistics Comparing the Results of the Various Tests

Test 1 Compared to Test 2 Kappa Value

FPA(bld) CFT (AC�) 0.963
FPA(bld) CELISA 0.943

FPA(bld) BPAT 0.937
FPA(bld) FPA(mLk) 0.879
FPA(bld) IELISA(srm) 0.879

FPA(bld) IELISA(mLk) 0.878
FPA(bld) CFT (ACþ) 0.874
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various tests and discrepancies could easily be overcome by retesting
animals that gave positive FPA(bld) results before release.

The data presented for the FPA(bld) is an improvement on earlier data
which gave a sensitivity value of 95.3% and a specificity value of 97.3%[7,8]

and a considerable increase in sensitivity from previous data (a gain of 3.8%)
with a slightly smaller increase in specificity (2.3%). This may be a result of
operators becoming more familiar with the test protocol, better equipment
and better and more samples for analysis.

Based on observations presented, the FPA(bld) performed as well as
the CELISA and showed an almost 100% agreement with the FPA(srm)
which was previously shown[6] to presumptively diagnose brucellosis as
or more accurately than the BPAT, CFT, IEL(srm) and CELISA, assays
sanctioned by the OIE.[9] However, kappa statistics showed an overall
excellent agreement between all the tests used (Table 4). It was interesting
to note that the best kappa agreement of the FPA (bld) assay was with the
CFT when AC reactions were considered negative, closely followed by the
CELISA and the BPAT.

Because it can be performed in 15–30 s, repeat testing of animals giving
a positive reaction is realistic. The assay itself is robust, simple to perform,
and relatively inexpensive. Therefore, it is suitable for use as a screening test
at the farm level and it should be considered as a replacement for other
screening tests such as the rose bengal and the buffered antigen plate
agglutination tests (BPAT), both of which are prone to give false negative
reactions with highly positive sera.[9]
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