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Review of the literature

Aguirre N.P., Vanzini V.R., et al. Antibody dynamics in Hol-
stein Friesian heifers vaccinated with Brucella abortus strain 
19, using seven serological tests. J Immunoassay Immunochem. 
2002;23(4):471-8.

The serological response induced by Brucella abortus 
strain 19 was evaluated in 52 Holstein females from a 
brucellosis-free herd using seven serological tests. Each 
calf was vaccinated at the ages of four and eight months 
old with 3 x 10(10) CFU B. abortus S19.  The antibody 
response was determined as the proportion of positive 
results to each test. The antibody dynamics, measured 
with the buffered plate antigen (BPA) and the rapid au-
tomated presumptive (RAP) tests, were similar. The pro-
portion of positive reactions in these tests reached 100% 
one week after vaccination and remained at this level for 
seven weeks. After that period, the proportion of positive 
samples slowly declined to 8% (BPA) and 2% (RAP) at 
week 50. The response in the indirect enzyme immunoas-
say (iELISA) was similar, but shorter than that observed 
with the BPA/RAP. The antibody dynamic, measured us-
ing the seroagglutination test (SAT) in parallel with the 
2-mercaptoethanol (2-Me) test and the CFT, was similar 
to the RAP/BPA, but of slightly shorter duration. The 
cELISA test was positive in all animals for three weeks, 
followed by a rapid decline. The FPA reached a maxi-
mum of 68.5% positive animals at week four and then 
declined. Based on these data, the cELISA and FPA tests 
discriminated residual antibody activity due to vaccina-
tion more efficiently than the other tests.

Alexander K.A., Blackburn J.K., et al. Buffalo, bush meat, 
and the zoonotic threat of brucellosis in Botswana. PLoS One. 
2012;7(3): e32842. 

Archived wildlife samples from Botswana (1995–2000) 
were screened with the RBT and FPA and included the 
African buffalo (247), bushbuck (1), eland (5), elephant 
(25), gemsbok (1), giraffe (9), hartebeest (12), impala 
(171), kudu (27), red lechwe (10), reedbuck (1), rhino (2), 
springbok (5), steenbok (2), warthog (24), waterbuck (1), 
wildebeest (33), honey badger (1), lion (43) and zebra (21). 
Human case data were extracted from government-is-
sued annual health reports (1974-2006). Only buffalo (6%, 
95% CI 3.04%–8.96%) and giraffe (11%, 95% CI 0–38.43%) 
were confirmed seropositive on both tests. Seropositive 
buffalo were widely distributed across the buffalo range 
where cattle density was low. Low seroprevalence of bru-
cellosis in Botswana buffalo in a 1974 study and again 
in this survey suggests an endemic status of the disease 
in this species. Buffalo, a preferred source of bushmeat, 
is killed both legally and illegally in Botswana. House-
hold meat processing practices can provide widespread 
pathogen exposure risk to family members and the com-

munity, identifying an important source of zoonotic 
pathogen transmission potential. This study illustrates 
the need for a unified approach in infectious disease re-
search that includes consideration of both domestic and 
wildlife sources of infection in determining public health 
risks from zoonotic disease.

Aznar M.N., Samartino L.E., et al. Bovine brucellosis in Ar-
gentina and bordering countries: update. Transbound Emerq 
Dis. 2014 Apr;61(2):121-33. 

This research provides an update on Brucellosis status 
in Argentina, regarding situations of human and bovine 
brucellosis in the country and bordering countries. It 
summarizes the history of the Argentinian bovine brucel-
losis control program since 1932 and evaluates the prog-
ress of the actual implemented control and eradication 
programs. The result of a national brucellosis survey per-
formed in 2004 indicates that 12.4% (95% CI 10.89-14.0) 
of Argentine beef farms are sero-positive to Brucella and 
that the apparent prevalence in cattle is 10.2% (95% CI: 
1.90-2.40). The official serological diagnostic tests to that 
date are as follows: buffered plate antigen test as screen-
ing, serum agglutination test, 2-mercaptoethanol and the 
FPA, cELISA, as confirmatory tests, and CFT as definitive 
test.

Bahn P., Nöckler K., et al. [Validation of the Fluorescence 
Polarisation Assay (FPA) for the serological diagnosis of 
brucellosis]. Berl Munch Tierarztl Wochenschr. 2005 Sep-
Oct;118(9-10):372-6.

To evaluate suitability of the FPA for serological Brucella 
diagnosis in Germany, 1,739 samples of sera from cattle, 
pigs, sheep and goats (65 Brucella-positive, 960-negative 
and 714 false-positive sera) were investigated at a dilu-
tion of 1:10. The cutoff was adjusted by means of receiver 
operation characteristics (ROC) analysis. Furthermore, 
the serum samples were examined for Brucella antibod-
ies using SAT, CFT and ELISA and the results were evalu-
ated regarding sensitivity and specificity. FPA, SAT, CFT 
and ELISA attained a sensitivity of 92.3%, 98.5%, 84.6% 
and 86.2%. In comparison, specificity varied with 87.8%, 
72.6%, 92. 5% and 85.8%, respectively. Accordingly, the 
FPA is a suitable test for serodiagnosis of brucellosis

Dajer A., Luna-Martínez E., et al. Evaluation of a fluorescence 
polarization  assay for the diagnosis of bovine brucellosis in 
México. Prev Vet Med. 1999 May 14;40(1):67-73.

A homogeneous FPA was used for the serological diag-
nosis of bovine brucellosis in México. A cutoff value of 90 
millipolarization (mP) units was used for testing 560 bo-
vine sera from different areas of México(305 positive sera 
and 255 negative sera according to the CFT). Some were 
tested with the RBT (n = 490) and some with the riva-
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nol-agglutination (RIV) test (n = 190). Sensitivities were 
98.3%, 99.3% and 99.0%, and specificities were 68.8%, 
55.4% and 96.9%, respectively, for the RB, RIV and FPA. 
The FPA gave a kappa coefficient of agreement with re-
spect to the CFT of 0.96, while the RB and RIV (relative to 
the CFT) gave coefficients of 0.70 and 0.61, respectively. 
Finally, the ROC analysis suggested a cutoff value that 
agreed with the one recommended in the test procedure. 
It was concluded that the FPA is a suitable test to be used 
instead of the CFT in Mexican conditions.

Di Febo T, Tittarelli M., et al.  Development and evaluation of 
diagnostic tests for the serological diagnosis of brucellosis in 
swine. Vet Ital. 2012 Apr-Jun;48(2):133-56.

The FPA technology was evaluated for application in Bru-
cellosis diagnosis in pigs. Several serological tests were 
used for specificity (Sp) and sensitivity (Se) comparison. 
The cELISA, an iELISA and a dissociation-enhanced lan-
thanide fluorescence immunoassay (DELFIA) were de-
veloped to test for antibodies to Brucella suis in pig and 
wild boar sera. In addition, the performance of a com-
mercial FPA, standardized for bovine sera, was evaluated 
in swine sera. The Sp and Se obtained were both 100% at 
a cutoff value of 99.5 mP. These results suggest that the 
combination of the cELISA, iELISA and FPA can be used 
to improve the serological diagnosis of swine brucellosis.

Durán-Ferrer M, Léon L, et al. Antibody response and anti-
gen-specific gamma-interferon profiles of vaccinated and un-
vaccinated pregnant sheep experimentally infected with Bru-
cella melitensis. Vet Microbiol. 2004 Jun 3;100(3-4):219-31.

The variation of the immune response in sheep against 
Brucella melitensis was evaluated since there is docu-
mented variation due to individual factors depending 
on diverse factors (e.g. clinical disease, active infection, 
state of previous immunity) and when affecting a group 
it can affect the performance of different diagnostic tests. 
To clarify some of the circumstances in which this im-
mune response can vary, in this study were examined 
the immune-response profile of sheep protected against 
the clinical disease by prior vaccination with strain Rev. 
1 in comparison with the profile of unprotected females 
showing the classical symptoms of brucellosis. Antibody 
response was assessed by classical tests (Rose Bengal test, 
complement fixation test (CFT)) in comparison with oth-
er diagnostic tests (indirect ELISA (iELISA), competitive 
ELISA (cELISA), Fluorescence Polarization Assay (FPA) 
In general, all the tests detect the infection in non-vacci-
nated ewes with substantial effectiveness. Nevertheless, 

the design of the study limits conclusions to pregnant 
ewes and can not be extrapolated to non-pregnant ewes 
or rams. Likewise, the study provides no information on 
animals which are carriers of B. melitensis.

Gall D., Nielsen K., et al. Fluorescence polarization assay for 
detection of Brucella abortus antibodies in bulk tank bovine 
milk samples. Clin Diagn Lab Immunol. 2002 Nov;9(6):1356-
60.

This study evaluated the Brucella FPA test for the detec-
tion of antibodies to Brucella abortus in bulk-tank milk 
samples, as a simple, rapid, inexpensive assay that can 
be used at the farm level or at dairies with a sensitivity 
and specificity of 100% and 95.9%, respectively. The assay 
detects antibodies to B. abortus and 15 min. by testing 
undiluted whey produced by chemical and physical ma-
nipulation of milk from bulk tanks. The conclusion is that 
the use of this test would make programs for surveillance 
of dairy animals and eradication of B. abortus more cost 
effective.

Gall D. and Nielsen K., et al. Serological diagnosis of bovine 
brucellosis: a review of test performance and cost comparison. 
Rev Sci Tech. 2004 Dec;23(3):989-1002. Review

More than 50 publications were reviewed in which the 
sensitivity and specificity values of assays used for de-
tection of exposure to Brucella abortus had been exam-
ined. The sum of the sensitivity and specificity values 
for each test was averaged to give a Performance Index 
(PI) and allowed for a comparison between the different 
methodologies. A score of 200 was perfect. Based on the 
PI, the buffered antigen plate agglutination test (BPAT) 
PI = 193.1 and FPA PI = 196.4 rated highest among the 
conventional tests. In addition, a fee comparison suggest-
ed that the primary binding tests were price competitive 
with conventional tests for the diagnosis of brucellosis 
and, therefore, had a better combined cost/efficiency rat-
ing.

Gall D., Nielsen K., et al. Validation of the fluorescence polar-
ization assay and comparison to other serological assays for the 
detection of serum antibodies to Brucella abortus in bison. J 
Wildl Dis. 2000 Jul;36(3):469-76.

A number of serological tests were compared for the de-
tection of antibodies to Brucella abortus in bison (Bison 
bison). The FPA showed significant advantages com-
pared to other conventional tests. The performance of the 
FPA in both the preliminary evaluation and subsequent 



Brucella FPA: Technical Dossier

16

blind validation indicated that this test was the most suit-
able for serological diagnosis of brucellosis in bison. The 
sensitivity and specificity in the preliminary evaluation 
were 92.1% and 99.4%, respectively. The sensitivity and 
specificity in a subsequent blind study were 96.3% and 
97.6%, respectively. In a double-blind study conducted on 
bison vaccinated with B. abortus strain 19, the data sug-
gests that the FPA can differentiate bison infected with B. 
abortus from bison vaccinated with B. abortus strain 19. 
Both the iELISA and cELISA tests performed nearly as 
well as the FPA. Based on these results, the conclusion is 
that with its excellent sensitivity and specificity, the FPA 
is an attractive test for the detection of serum antibodies 
of Brucella abortus in bison.

Gall D., Nielsen K., et al. Evaluation of the fluorescence po-
larization assay and comparison to other serological assays 
for detection of brucellosis in cervids. J Wildl Dis. 2001 
Jan;37(1):110-8.

The CFT, cELISA, iELISA and FPA were evaluated for the 
detection of antibodies to Brucella abortus and Brucella 
suis biotype 4 in caribou (Rangifer tarandus caribou), 
elk (Cervus canadensis), red deer (Cervus elaphus), and 
reindeer (Rangifer tarandus tarandus). When combining 
the data, the FPA and cELISA tests were determined to be 
the most suitable for serodiagnosis of Cervidae. The ac-
tual overall sensitivity for the cELISA and FPA tests was 
99%. The overall relative specificity of the CFT (including 
treatment of the anti-complementary data as positive or 
negative for analysis), the cELISA, FPA and iELISA were 
65%, 93%, 99%and 99%, respectively. Investigation con-
cluded that the FPA is the diagnostic test of choice be-
cause its sensitivity and specificity values are compara-
ble to the cELISA. It also has the capability to distinguish 
vaccinal antibody and antibody resulting from exposure 
to cross-reacting organisms such as Yersinia enterocoliti-
ca O:9 from antibody to Brucella spp.

Greiner M., Verloo D., et al. Meta-analytical equivalence stud-
ies on diagnostic tests for bovine brucellosis allowing assess-
ment of a test against a group of comparative tests. Prev Vet 
Med. 2009 Dec 1;92(4):373-81.

This study shows that a mutual assessment of specificity 
and sensitivity in diagnostic tests could result in some 
difficulties. The task may arise to show that a candidate 
test is non-inferior compared to a comparative (standard) 
test regarding the diagnostic sensitivity or specificity. 
This setting is known as “one-sided equivalence” and 
has been applied to a single comparison between two di-
agnostic tests. Recently, the approach has been extended 
into a meta-analytical framework (EFSA, 2006), allowing 

for the difference between the sensitivity (or specificity) 
of two diagnostic tests to be estimated using informa-
tion gathered through systematic literature review. The 
proportion of iterations in which the critical threshold 
was exceeded is then interpreted as the P-value for the 
one-sided equivalence test for the candidate versus the 
set of comparative tests. This document illustrates and 
discusses the method using a case study on tests for bo-
vine brucellosis.

Gwida M.M., El-Gohary et al. Comparison of diagnostic tests 
for the detection of Brucella spp. in camel sera. BMC Res Notes. 
2011 Dec 6;4:525. 

This study was performed to compare the diagnostic ef-
ficiency of different serological tests and real-time PCR 
to identify the most sensitive, rapid and simple combi-
nation of tests for detecting Brucella infection in camels. 
The control of brucellosis in wild animals is very import-
ant regarding its impact on human health. For surveil-
lance and control of the disease, sensitive and reliable 
detection methods are needed. Although serological tests 
are the mainstay of diagnosis in camel brucellosis, these 
tests have been directly transposed from cattle without 
adequate validation. A total of 895 serum samples collect-
ed from apparently healthy Sudanese camels was inves-
tigated. Sudan is a well-documented endemic region for 
brucellosis with cases in humans, ruminants and camels. 
The RBT, CFT, SAT, cELISA and FPA, as well as real-time 
PCR, were used. Investigation suggests combining 
bcsp31 real-time PCR with either FPA, CFT, RBT or SAT 
to screen camels to brucellosis.

Her M., Cho D.H., et al. Outbreak of brucellosis in domestic elk 
in Korea. HS. Zoonoses Public Health. 2010 May;57(3):155-
61. 

Seven of 18 elk on a deer farm in South Korea were found 
by the official RBT and tube agglutination test to be bru-
cellosis reactors/suspects. Evaluation with the cELISA 
and FPA tests revealed that six and five sera were pos-
itive, respectively. The seven reactors/suspects were 
slaughtered, and their blood and tissues were collect-
ed. Brucella species could be isolated from three of the 
slaughtered animals. This is the first report of an out-
break of brucellosis in domestic elk in South Korea. The 
observations suggest that deer should be included in the 
routine surveillance of Brucella program for the effective 
control and prevention of brucellosis in South Korea.

Kamaraj G., Chinchkar S.R., et al.  A combined vaccine against 
Brucella abortus and infectious bovine rhinotracheitis. Indian J 
Microbiol. 2009 Jun;49(2):161-8.
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The present study was undertaken to study the immune 
response in calves vaccinated with Brucella abortus 
strain 19, infectious bovine rhinotracheitis (IBR) vaccines 
in monovalent form and combined vaccine containing 
both antigens. The sera samples were analyzed using 
the FPA to study the antibody response to vaccine. The 
components of the combined vaccine did not show any 
evidence of interference in the development of immunity. 
This combined vaccine may provide economical and af-
fordable for the biological control of brucellosis and IBR.

Kamaraj G., Rajendra L., et al.  Optimization of production 
of Brucella abortus S19 culture in bioreactor using soyabean 
casein digest medium. New Microbiol. 2010 Oct;33(4):319-28.

This study shows that the FPA is successfully used in 
checking the immunological activity of cattle after appli-
cation of the new vaccine, i.e. vaccines prepared in the 
new culture medium. The vaccine prepared with soy-
bean casein digest medium was found to be potent and 
safe with a protective index of 3.33 in mice. The vaccine 
was tested in 10 calves of three to 13 months of age.  All 
the vaccinated animals were seropositive on 28, 60, 90, 
120 and 150 days post-vaccination when analyzed by the 
FPA.

Konstantinidis A., Minas A., et al. Evaluation and comparison 
of fluorescence polarization assay with three of the currently 
used serological tests in diagnosis of human brucellosis. Eur J 
Clin Mi-crobiol Infect Dis. 2007 Oct; 26(10):715-21.

Brucellosis as a zoonosis disease that has significance in 
humans. Early diagnosis of brucellosis in humans is very 
important. To test  the FPA’s possible usefulness for the 
diagnosis of human brucellosis, 230 sera from patients 
with clinical signs of brucellosis and positive serological 
tests (RBT, SAT and iELISA and 305 sera from a healthy 
population with no clinical/epidemiological/serological 
evidence were examined with the FPA. In this study, the 
kappa analysis showed that the FPA is in good agreement 
(0.92) with the “status of the disease” and with iELISA 
(0.837). Investigation concluded that the FPA seems to 
be a valuable method for the diagnosis of brucellosis in 
humans. Taking into consideration the advantages of the 
method’s speed of obtaining results, objectivity of results 
interpretation and cost, the FPA could be considered as a 
replacement for other established methods.

Konrad J.L., Campero L.M., et al. Detection of antibodies 
against Brucella abortus, Leptospira spp., and Apicomplexa 
protozoa in water buffaloes in the Northeast of Argentina.Trop 
Anim Health Prod. 2013 Nov;45(8):1751-6.

The water buffalo industry has become a profitable ac-
tivity worldwide, including the northeast region of Ar-
gentina (NEA). The aim of the present study was to de-
tect antibodies against Brucella abortus, Leptospira spp., 
Neospora caninum, Toxoplasma gondii and Sarcocystis 
spp. in 500 water buffalo cows from five ranches (100 an-
imals each) in the NEA. Using different methods for di-
agnosis of these infections, the FPA proved to be a good 
method for diagnosis of Brucella abortus. The detection 
of specific antibodies to B. abortus, Leptospira spp. and 
several Apicomplexa protozoans in water buffaloes in 
the NEA was reported in this study.

Lynch M., Duignan P.J., et al.  Epizootiology of Brucella infec-
tion in Australian fur seals. J Wildl Dis. 2011 Apr;47(2):352-
63.

This study investigated the epizootiology of Brucella 
infection and Australian fur seals (Arctocephalus pusil-
lus doriferus) by establishing demographic and tempo-
ral variations in antibody prevalence and determining 
whether this potential pathogen is involved in frequent 
abortions observed in this pinniped species. Two cELISA 
tests, along with, iELISA and FPA tests, were used to test 
sera for Brucella antibodies.  The FPA and cELISA tests 
proved suitable for use in this species. 

Lucero N.E., Escobar G.I., et al. Fluorescence polarization as-
say for diagnosis of human brucellosis. J Med Microbiol. 2003 
Oct;52(Pt 10):883-7.

The potential use of the  FPA was assessed in comparison 
to a cELISA and conventional serological tests for the di-
agnosis of brucellosis on a total of 587 human sera. The 
specificity of the FPA was 97.9%. Sera from Brucella-in-
fected patients yielded a sensitivity of 96.1% estimate. In 
tests on 84 sera from patients with suspected brucello-
sis, the FPA detected 80 cases. Because of the ease of the 
procedure, it could be readily adopted for use in clinical 
laboratories and blood banks.

Matope G., Muma J.B., et al. Evaluation of sensitivity and 
specificity of RBT, c-ELISA and fluorescence polarisation assay 
for diagnosis of brucellosis in cattle using latent class analysis. 
Vet Immunol Immunopathol. 2011 May 15;141(1-2):58-63.

Applications of the FPA test in the diagnosis of brucellosis 
in smallholder dairies in Zimbabwe are examined in this 
study. The latent class model allowed estimation of Se 
and Sp in the absence of a gold standard test. The cELISA 
had the highest Se (99.0%; 95% posterior credible interval 
(CPI: 94.8; 100%), while the RBT and sFPA tests had the 



Brucella FPA: Technical Dossier

18

highest Sp (99.0%; 95% of the CPI: 98.0; 99.6%). The bFPA 
had the lowest Se (71.3%; 95%, CPI: 56.2, 83.5%), while its 
Sp (96.3%; CPI: 93.9, 98.0%) was marginally higher than 
that of the cELISA (95.4% CPI: 93.7%; 96.8%). The FPA 
may be adopted as a confirmatory test, but its perfor-
mance may be optimized by altering the cutoff points to 
suit the Zimbabwean conditions. Thus, latent class mod-
els provide an alternative method for evaluating Se and 
Sp of diagnostic tests, which could be used to optimize 
the test performance in different cattle populations.

McGiven J.A., Tucker J.D., et al. Validation of FPA and cELI-
SA for the detection of antibodies to Brucella abortus in cattle 
sera and comparison to SAT, CFT, and iELISA. J Immunol 
Methods. 2003 Jul;278(1-2):171-8.

The aim of this study was to validate the FPA. Serum 
samples from 146 confirmed (by culture) Brucella-infect-
ed cattle were tested in conjunction with serum samples 
from 1,947 non-infected cattle. The cELISA was validated 
using these positive reference samples and 1,440 nega-
tive samples, while data for the iELISA was generated 
from 6,957 negative samples, plus the positive sera.  After 
selection of a cutoff for the FPA and cELISA, the diag-
nostic specificity and sensitivity total for each test were 
compared. The results, with 95% confidence intervals, 
were FPA (195.7+/-2.79), iELISA (195.0+/-2.70), cELISA 
(194.9+/-3.48), CFT (191.7+/-4.45) and SAT (180.4+/-
6.33). The data presented supports the use of the FPA in 
diagnosis of brucellosis.

McGiven J, Taylor A, et al. The first International Stan-
dard anti-Brucella melitensis Serum. Rev Sci Tech. 2011 
Dec;30(3):809-19.

The OIE requested an International Standard anti-Brucel-
la melitensis serum (ISaBmS) to standardize diagnostic 
tests and reagents for sheep and goats. The goal of estab-
lishing of an ISaBmS was to standardize diagnostic tests 
and reagents for sheep and goats, as well for the FPA, 
in accordance with the OIE requirements for serological 
diagnostic supplies. The OIE International Standard Se-
rum (OIEISS) will remain the primary standard for the 
RBT. The ISaBmS is an additional standard. It was im-
possible to set criteria for the complement fixation test. 
Therefore the OIEISS will remain the primary standard. 
The ISaBmS can be used to standardize the iELISA, cELI-
SA and FPA tests to diagnose sheep and goat brucellosis. 
This standard should facilitate harmonization of the tests 
used for brucellosis surveillance and international trade 
in these species.

McGiven J.A., Thompson I.J., et al. Time-resolved fluorescent 
resonance energy transfer assay for simple and rapid detection 
of anti-Brucella antibodies in ruminant serum samples. J Clin 
Mi-crobiol. 2009 Oct;47(10):3098-107. 

The aim of the present study was to develop a new assay 
(Time-resolved fluorescent resonance energy transfer as-
say-TR-FRET)  to improve the efficiency, ease and effec-
tiveness of serological testing compared to the existing 
serological tests such as the cELISA and FPA tests. The 
assay was performed in a 96-well plate with a single 30-
min incubation period and no separation (wash) steps 
and was concluded by a single plate-reading step. The 
performance of the TR-FRET assay matched the perfor-
mance of the iELISA, which had 100% diagnostic sensi-
tivity and specificity, and surpassed the performance of 
the cELISA and FPA. The results also demonstrated that 
the TR-FRET technique is effective with poor-quality 
serum samples from the field. To the knowledge of the 
authors, this is the first homogeneous TR-FRET assay to 
detect antibodies raised against an infectious disease.

Minas A., Stournara A., et al. Validation of fluorescence po-
larization assay (FPA) and comparison with other tests used 
for diagnosis of B. melitensis infection in sheep. Vet Microbiol. 
2005 Dec 20;111(3-4):211-21.

This research validated the use of the  FPA for diagnosis 
of B. melitensis in sheep on the mainland and islands of 
Greece. For this purpose, 166 sera originated from nat-
urally infected sheep (verified by culture) and 851 sera 
originated from healthy animals (reared in areas where 
B. melitensis was never been isolated) were tested. The 
accuracy of the FPA shown in this investigation was very 
high, similar with that of the iELISA. The authors con-
cluded that FPA is a promising assay, which offers a diag-
nostic sensitivity (DSe) and accuracy better than those of 
the tests currently approved for the diagnosis of B. mel-
itensis in sheep and goats. Due to its simplicity,  quick 
results and accuracy, the FPA can be used and improve 
the laboratory testing capacity as well as the efficacy of 
the eradication program based on the test-and-slaughter 
policy. 

Minas A., Stournara A., et al. Validation of a fluorescence po-
larization assay (FPA) performed in microplates and compari-
son with other tests used for diagnosing B. melitensis infection 
in sheep and goats. J Immunol Methods. 2007 Mar 30;320(1-
2):94-103.

Research was conducted to validate the FPA testing car-
ried out in a 96-well microplate format on small rumi-
nants sera for the serological diagnosis of Brucella spp. 
The DSe and DSp of the FPA for small ruminants carried 
out in microplates at this cutoff value were calculated to 
be 95.9% and 97.9% (95% CI: 94.9-97.7% and 97.2-98.4%, 
respectively). The accuracy of the FPA was 0.991. The 
parallel, or serial, combination of the FPA with iELISA of-
fers the highest DSe and DSp. The DSe and accuracy are 
better than those of the currently approved tests for di-
agnosing B. melitensis in small ruminants. Because of its 
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simplicity, speed and accuracy, this process can improve 
laboratory capacity for testing as well as the efficacy of 
an eradication program based on a test-and-slaughter 
policy.

Montagnaro S., Longo M., at all. Evaluation of a fluorescence 
polarization assay for the detection of serum antibodies to Bru-
cella abortus in water buffalo (Bubalus bubalis). Vet Immunol 
Immunopathol. 2008 Sep 15;125(1-2):135-42.

The FPA was also evaluated for the serological diagno-
sis of brucellosis and water buffalo (Bubalus bubalis) in 
southern Italy. Sera from 890 buffalos from the Campan-
ia region— 526 positive and 364 negative sera according 
to the complement fixation test (CFT)— were evaluated 
in this study. All samples were tested with the RBT, CFT 
and FPA in parallel and in a blind fashion. Sensitivities 
(Se) were 84.5% and 92.6% and Specificities (Sp) were 
93.1% and 91.2% for RBT and FPA, respectively, relative 
to CFT. These results suggested that the FPA might re-
place the RBT in the diagnosis of buffalo brucellosis for 
its better performance relative to the CFT, its adjustable 
cutoff usefulness in different epidemiological situations, 
its reliability, ease of performance and for its potential ap-
plication in field and high-throughput laboratories.

Muma J.B., Lund A., et al. Effectiveness of Rose Bengal test 
and fluorescence polarization assay in the diagnosis of Brucella 
spp. infections in free range cattle reared in endemic areas in 
Zambia. Trop Anim Health Prod. 2009 Jun;41(5):723-9. 

This study assessed the effectiveness of the RBT and FPA 
in diagnosing cattle brucellosis in endemic areas. The 
study also compared  the RBT and FPA test agreement 
(n = 319). The sensitivity of the RBT and FPA in detecting 
Brucella low titers was evaluated in paired sera (n = 34). 
The RBT had a reduced ability in detecting low antibody 
titers compared to the FPA. The FPA interpretation was 
improved if a priori information such as sex and age was 
used.

Muma J.B., Toft N., et al. Evaluation of three serological tests 
for brucellosis in naturally infected cattle using latent class 
analysis. Vet Microbiol. 2007 Nov 15;125(1-2):187-92

This study evaluated the diagnostic performance of three 
serological tests for brucellosis: the RBT, cELISA and 
FPA and naturally infected cattle in Zambia without an 
appropriate reference test to classify animals into truly 
infected and non-infected. Since none of the tests are a 
perfect reference test or gold standard, their performance 
in a population of naturally infected cattle was evaluated 
using latent class analysis, which allows the sensitivity 
(Se) and specificity (Sp) to be estimated in the absence 
of a gold standard. The highest Se was achieved by the 
cELISA (97% Credible Interval Posterior (CPI) = 93-100%) 

and the highest Sp by the FPA (93%; CPI = 85-99%). Con-
versely, these tests also had the lowest Sp and Se, respec-
tively, with the RBT performing well in both the Se (93%; 
CPI = 84-98%) and Sp (81%; CPI = 61-97).

Muma J.B., Lund A., et al. Serosurvey of Brucella spp. infec-
tion in the Kafue lechwe (Kobus leche kafuensis) of the Kafue 
flats in Zambia. J Wildl Dis. 2010 Oct;46(4):1063-9.

Brucellosis is one of the diseases of veterinary and pub-
lic health importance affecting the Kafue lechwe (Kobus 
leche kafuensis) on the Kafue flats, for which only scant 
information is available. During the 2003 to 2008 hunting 
season in the Kafue flats, a study was conducted to deter-
mine the seroprevalence of Brucella spp. The RBT, cELI-
SA and FPA were used. A total of 121 Kafue lechwe were 
hunted for disease investigations in the Kafue flats game 
management area. The results were similar among the 
RBT, FPA, cELISA, suggesting that these could effective-
ly be used in diagnosing brucellosis in the Kafue lechwe.

Naves J.H., Rezende L.M., et al. Interference in diagnostic tests 
for brucellosis in cattle recently vaccinated against leptospiro-
sis. J Vet Diagn Invest. 2012 Mar;24(2):283-7. 

The objective of the current study was to verify if cattle 
vaccinated against leptospirosis may react in diagnostic 
tests for brucellosis. Sixty cows were divided into five 
groups, each comprising 12 animals. Four groups were 
given different vaccines against leptospirosis, while the 
control group received only saline. Serum samples were 
collected on the first day of immunization (day 0) and 
during post vaccination. All the serum samples were test-
ed for brucellosis and leptospirosis. Twenty-six samples 
were reactive to the RBT, but only seven remained pos-
itive in confirmatory tests: one to the 2-mercaptoethanol 
test, two for the FPA, and six to  indirect enzyme-linked 
immunosorbent assays. None of the samples was reac-
tive in the CFT. None of the animals in the control group 
was reactive. The results indicate that cattle vaccinated 
against leptospirosis may show reactivity on screening 
tests for brucellosis.

Nielsen K., Smith P., et al. Serological relationship between 
cattle exposed to Brucella abortus, Yersinia enterocolitica 
O:9 and Escherichia coli O157:H7. Vet Microbiol. 2004 May 
20;100(1-2):25-30.

Sera from cattle naturally infected with Brucella abor-
tus (n = 160), vaccinated with B. abortus S19 (n = 88) or 
immunized with Yersinia enterocolitica O:9 (n = 25) or 
Escherichia coli O157:H7 (n = 80) were collected. The sera 
were compared to antibody content to the same bacteria 
by the iELISA, FPA and cELISA. Based on data given in 
this study, the cross reaction between E. coli O157: H7, 
Y. enterocolitica O:9, B. abortus is dependent on the test 
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used. Thus, extensive cross reaction was observed with 
the iELISA with much less reactivity in the FPA and cELI-
SA.

Nielsen K., Gall D., et al. Field trial of the brucellosis fluo-
rescence polarization assay. J Immunoassay Immunochem. 
2002;23(3):307-16.

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 subsequently tested in the laboratory. The 
whole-blood FPA (FPA (BLD)) did not detect antibody in 
any of the cattle on the first premise. This finding was 
confirmed by using a number of other serological tests, 
including the buffered antigen plate agglutination test, 
the CFT, iELISA and cELISA and FPA using serum and 
milk. Cattle on the other premises (n= 1122) were test-
ed in a similar fashion. The sensitivity of the FPA (BLD), 
relative to the serum FPA (considered the definitive test), 
was 99.1%, and the relative specificity of the FPA (BLD) 
was 99.6%. These results compared favorably with those 
obtained using the other serological tests.

Nielsen K., Smith P., et al. Validation of the fluorescence polar-
ization assay for detection of milk antibody to Brucella abortus. 
J Immunoassay Immunochem. 2001;22(3):203-11.

During this study, an FPA for detection of antibodies to 
Brucella abortus in individual milk samples was devel-
oped and validated. Samples from 190 cattle from which 
B. abortus was isolated; milk samples from cattle in herds 
infected with B. abortus (n= 1,086) and positive in the 
milk ring test (MRT), as well as milk samples from Ca-
nadian cattle (with no evidence of brucellosis, n= 2,974) 
were tested by the iELISA and FPA. The sensitivity and 
specificity of the iELISA and the FPA were 100%. The rel-
ative sensitivity values obtained with milk from cattle 
of infected herds and the specificity values of the iELI-
SA were 98.5 and 99.9%, respectively. The relative sensi-
tivity and specificity of the FPA with the same samples 
were 82.2% and 99.4%. The FPA is a homogeneous assay 
which, unlike the MRT and iELISA, may be used for test-
ing in the field.

Nielsen K., Gall D., at al. Fluorescence polarization assay for 
the diagnosis of bovine brucellosis: adaptation to field use. Vet 
Microbiol. 2001 May 21;80(2):163-70.

The FPA was used to test whole-blood samples prepared 
by mixing blood cells from cattle without exposure to 
Brucella abortus with sera from animals with a confirmed 
(bacteriologically) infection. A cutoff value between neg-

ative and positive values was initially established to be 
95 mP. The FPA technology was applied to whole-blood 
samples in the field and to stored whole-blood samples 
using two diluent buffers. Relative sensitivity and speci-
ficity values for the FPA performed in the field, based on 
a buffered antigen plate agglutination test and cELISA, 
were 95.3% and 97.3%, respectively. However, to obtain 
maximum sensitivity and specificity, the cutoff value of 
105 mP was determined for fresh whole-blood samples. 
The relative sensitivity and specificity values of the FPA 
when testing stored whole-blood samples were 100% 
each using a 95 mP cutoff.

Nielsen K., Gall D., et al. Diagnosis of bovine brucellosis using 
a homogeneous fluorescence polarization assay. Vet Immunol 
Immunopathol. 1998 Dec 11;66(3-4):321-9.

Cattle were tested in Argentina, Chile, Mexico and in the 
American states of Iowa, Missouri and Texas to evalu-
ate the FPA for the serological diagnosis of bovine bru-
cellosis. Included in the test were 118  sera from cattle 
that were culture positive for Brucella abortus, 1,751 sera 
from cattle from premises containing cattle infected with 
B. abortus, 1,222 sera from cattle vaccinated with B. abor-
tus S19 and 1,199 sera from cattle with no evidence of 
brucellosis.  Initial determination of serological positivity 
and negativity was based upon reactivity in serological 
tests currently used, consisting of a rapid screening test, 
the RBT or the buffered plate antigen tests, followed by 
a second serological test—the CFT. Sensitivity of the FPA 
(sera from culture positive animals) ranged from 87.5% 
to 100%. Serological positivity of cattle from infected 
premises ranged from 65.5% to 99.0%, while the negative 
cattle and herds without evidence of brucellosis was be-
tween 94.9% and 100%. Of the 19 vaccinated cattle that 
were positive in at least one in-use serological tests in 
the B. abortus strain,  88.2% were negative in the FPA. In 
contrast, previous Canadian studies showed sensitivity 
values were 99.0% and 100%, and the specificity in both 
cases was 100%.

Nielsen K., Jolley M., et al A homogeneous fluorescence polar-
ization assay for detection of antibody to Brucella abortus. J 
Immunol Methods. 1996 Sep 9;195(1-2):161-8.

Regarding the FPA, the composition, performance and 
process of testing are given in this work from the late 
1990s. Homogeneous FPA was developed for detection 
of antibodies in bovine sera to Brucella abortus. Test sera 
included 8,669 sera from Canadian cattle that were nega-
tive by routine serological tests; 561 sera from cows from 
which B. abortus had been isolated either from tissues or 
milk, and 250 sera from cattle previously vaccinated with 
B. abortus strain 19 at various times. One lot of OPS trac-
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er was used for all tests. Using the ROC analysis, with a 
cutoff of 90 mP, the sensitivity increased to 99.02% while 
the specificity decreased to 99.96%.

Nielsen K., Smith P., et al. Salmonella enterica Serotype Ur-
bana Interference with Brucellosis Serology. J Immunoassay 
Immunochem. 2007;28(3):289-96.

The role of the OPS antigen that is used in FPA technol-
ogy is important in comparison with other serological 
tests that use the LPS antigen to avoid cross reactions 
with similar antigens.  More information about this prob-
lem is discussed elsewhere in this research. Sheep were 
immunized with killed Salmonella enterica serotype Ur-
bana cells, and their sera were tested in various serolog-
ical tests for antibody to Brucella spp., Yersinia enteroco-
litica O: 9 and Escherichia coli O: 157 H: 7th in sheep. Of 
the eight sheep, all gave a positive agglutination reaction 
in the buffered Brucella antigen plate agglutination test 
(BPAT. Seven gave positive to Brucella standard tube 
agglutination test (TAT) and CFT, and four results gave 
slightly positive reactions in a cELISA. Seven sera were 
negative, and an iELISA-SLPS using B. abortus smooth 
lipopolysaccharide (SLPS) antigen and all were negative 
in a fluorescence polarization assay (FPA-OPS) using B. 
abortus O-polysaccharide antigen. 

Nielsen K., Gall D., et al. Comparison of serological tests for 
the detection of ovine and caprine antibody to Brucella meliten-
sis. Rev Sci Tech. 2004 Dec;23(3):979-87.

The specificity and sensitivity of the iELISA, cELISA and 
FPA tests were evaluated on the sera of experimentally 
infected  negative sheep with Brucella melitensis. The 
sensitivity and specificity of the assays were as follows: 
iELISA: 91.7% and 97.6%, cELISA: 75.0% and 99.8% and 
FPA: 91.7% and 89.5%. Sera from the same experimental 
population were divided according to serological reac-
tion in the  RBT and CFT. More information on the results 
obtained is described in this paper.

Nielsen K., Smith P., et al. Rough lipopolysaccharide of Brucel-
la abortus RB51 as a common antigen for serological detection 
of B. ovis, B. canis, and B. abortus RB51 exposure using indi-
rect enzyme immunoassay and fluorescence polarization assay. 
J Immunoassay Immunochem. 2004;25(2):171-82.

This study examines the application of the FPA with 
fluorescein bound to the antigen obtained from rough 
lipopolysaccharide (R-LPS) in sheep, cattle and dogs. 
Antigens were prepared from cultures of Brucella abor-
tus RB51, B. ovis  and B. canis. The preparations were 
standardized by weight and tested with sera from cattle 
immunized with B. abortus RB51, sheep infected with B. 

ovis and dogs infected with B. canis. Populations of un-
exposed animals of each species were also tested. Label-
ing R-LPS core from B. ovis and B. canis with fluorescein 
was not successful. B. abortus RB51 core labeled with 
fluorescein resulted in sensitivity and specificity values 
of 93.5% and 99.8%, respectively, with bovine sera and 
78.1% and 99.0%, respectively, with sheep sera. It was not 
possible to test the dog sera in the FPA.

Nielsen K., Gall D., et al. Validation of the fluorescence polar-
ization assay as a serological test for the presumptive diagno-
sis of porcine brucellosis. Vet Microbiol. 1999 Aug 31;68(3-
4):245-53.

The FPA is a valuable asset to the diagnosis of porcine 
brucellosis because of its accuracy, ease of performance 
and relative low cost. To verify this statement, sera from 
brucellosis-free Canadian pigs (n= 14037) and sera from 
pigs infected with Brucella suis (n= 401) were tested with 
several conventional serological tests for brucellosis. The 
sensitivity and specificity of the tests were as follows: 
the buffered antigen plate agglutination test, 77.1% and 
96.9%; the CFT (considering anticomplementary sera as 
negative), 93.3% and 95.5%; the CFT (considering anti-
complementary sera as positive), 58.1% and 99.9%; the 
iELISA, 94.0% and 97.9%; the cELISA, 90.8% and 96.6%; 
and the FPA, 93.5% and 97.2%; respectively

Nielsen K, Lin M., et al. Fluorescence polarization immunoas-
say: detection of antibody to Brucella abortus. Methods. 2000 
Sep;22(1);71-6.

The principle advantages of the FPA technique are de-
scribed in this text. The FPA is a homogeneous immuno-
assay useful for rapid and accurate detection of antibody 
or antigen. The principle of the assay is that a fluorescent 
dye (attached to an antigen or an antibody fragment) can 
be excited by plane-polarized light at the appropriate 
wavelength. This technology was applied to the detec-
tion of antibody to Brucella abortus in serum and milk, 
providing for the first time a rapid primary binding assay 
that is cost effective for use in the field.

Nielsen K., Smith P., et al. Towards single screening tests for 
brucellosis. Rev Sci Tech. 2005 Dec;24(3):1027-37.

This study describes the iELISA and FPA, which are 
each capable of detecting antibody in several species of 
hosts to smooth and rough members of the genus Bru-
cella. The iELISA uses a mixture of smooth lipopolysac-
charide (SLPS) and rough lipopolysaccharide (RLPS) as 
the antigen, and a recombinant protein A/G conjugated 
with horseradish peroxidase as the detection reagent.  
The overall sensitivity value for the FPA using the com-
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bined FPA antigen was 1.0% lower than using the OPS 
from SLPS and 9.1% higher than using the core antigen 
(CORE) from RLPS. When the combined antigen was 
used, the FPA specificity was slightly higher (1.2%) than 
from only the OPS, and considerably higher (12.6%) than 
the CORE. Overall, both the iELISA and FPA with com-
bined antigens were suitable as screening tests for all spe-
cies of Brucella in the animal species tested.

Nielsen K. Diagnosis of brucellosis by serology. Vet Microbiol. 
2002 Dec 20;90(1-4):447-59.

Since the serological diagnosis of brucellosis began more 
than 100 years ago with a simple agglutination test, it 
was realized that this type of test was susceptible to false 
positive reactions resulting from, for instance, exposure 
to cross-reacting microorganisms. It was also realized 
that this test format was inexpensive, simple and fast, 
although results were subjectively scored. Therefore, a 
number of modifications were developed along with oth-
er types of tests. This serves two purposes: one was to 
establish a rapid screening test with high sensitivity and 
specificity and, perhaps, second to establish a less confir-
matory test that is usually more complicated  and specific 
to be used on sera that reacted positively in the screening 
tests. These assays, including the cELISA and FPA, are at 
the apex of current development, providing high sensi-
tivity and specificity as well as speed and mobility in the 
case of the FPA. 

Nielsen K, Gall D., et al. Fluorescence polarization assay for 
the diagnosis of brucellosis: a review. Immunoassay Immu-
nochem. 2001;22(3):183-201.

The FPA is based on the rotational differences between a 
small soluble antigen molecule in solution (labeled with a 
fluorochrome) and the antigen molecule complexed with 
its antibody. The FPA technology has been developed 
and validated for the serological diagnosis of brucellosis 
in cattle, swine, sheep, goats, bison and cervids. Suffi-
cient cross reactivity of the common epitopes of Brucella 
abortus, B. melitensis and B. suis OPS allowed for the use 
of a single antigen for all species of smooth Brucella and 
animals. The OPS prepared from B. abortus S1119.3 was 
conjugated with fluorescein isothiocyanate (FITC). The 
FPA was initially developed for testing serum. However, 
the technology has been extended to testing whole blood 
and milk from individual animals or bulk-tank samples 
pooled from 2,000 or fewer animals. The accuracy of the 
FPA equaled or exceeded those obtained using other se-
rological tests such as the BPAT, the milk ring test (MRT), 
the CFT, iELISA and cELISA. More information can be 
found in this review.

Nielsen O., et al. A comparison of four serologic assays in 
screening for Brucella exposure in Hawaiian monk seals. J 
Wildl Dis. 2005 Jan;41(1):126-33.

This review examined the application of the FPA for de-
termining brucellosis in Hawaiian monk seals (Mona-
chus schauinslandi) serum samples from the northwest-
ern Hawaiian Islands, collected between 1995 and 2002. 
Although further work would be necessary to validate 
these tests for use with monk seals, based in the results 
obtained in this work, it appears that both the cELISA 
and FPA tests would be appropriate as diagnostic screen-
ing tests for detection of antibodies to Brucella spp. in 
this species.

Olsen S.C., Hennager S.G. et al. Immune responses and pro-
tection against experimental Brucella suis biovar 1 challenge 
in nonvaccinated or B. abortus strain RB51-vaccinated cattle. 
Clin Vaccine Immunol. 2010 Dec;1891-5. 

The FPA and the acid BPA tests had the highest sensitiv-
ities in detecting B. suis-infected cattle between two and 
12 weeks after experimental infection. Twenty Hereford 
heifers approximately nine months of age were vaccinated 
with saline (control) or 2 x 10(10) CFU of Brucella abortus 
strain RB51 (RB51) vaccine. Immunologic responses after 
inoculation demonstrated significantly greater (P<0.05) 
antibody and proliferative responses to RB51 antigens in 
cattle vaccinated with RB51 than the controls. Pregnant 
cattle received a conjunctival challenge at approximately 
six months of gestation with 10(7) CFU of B. suis bv. 1 
strains isolated from naturally infected cattle. Serologic 
responses and lymphocyte proliferative responses to B. 
suis antigens did not differ between control and RB51 
vaccines after experimental infection. Further informa-
tion about this experiment are given in this paper. 

Paulo P.S., Vigliocco A.M., et al. Evaluation of primary bind-
ing assays for presumptive serodiagnosis of swine brucellosis 
in Argentina. Clin Diagn Lab Immunol. 2000 Sep;828-31.

Comparisons of three serological tests in the diagnosis 
of brucellosis in pigs are given in this work. An iELISA, 
cELISA and FPA test for the presumptive serological di-
agnosis of swine brucellosis were evaluated using two 
populations of swine sera from brucellosis-free Canadian 
herds and from Argentina, based on positive reactions 
in the BPAT and the 2-mercaptoethanol (2-ME) test. The 
iELISA, cELISA and FPA specificity values were 99.9%, 
99.5%, and 98.3%, respectively, and the iELISA, cELISA 
and FPA sensitivity values relative to the BPAT and the 
2-ME test were 98.9%, 96.6% and 93.8%, respectively. Ac-
tual sensitivity was assessed by using 37 sera from indi-
vidual pigs from which B. suis was cultured. The values 
obtained were as follows: BPAT, 86.5%; 2-ME, the test, 
81.1%; iELISA, 86.5%; cELISA, 78.5%; and FPA, 80.0%.
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Pedersen K., Quance C.R., et al. Identification of Brucella suis 
from feral swine in selected states in the USA. J Wildl Dis. 
2014 Apr;171-9. 

This study presents results obtained in the testing of feral 
pigs in the United States using an FPA. For this purpose, 
183 feral swine lymph nodes were cultured. They identi-
fied 22 isolates from 21 animals, and all isolates were gen-
otyped as B. suis. Most isolates were B. suis biovar 1, with 
the exception of two genetically distinct isolates from fe-
ral swine in Hawaii, which were identified as B. suis bio-
var 3. Serum from each feral swine was also tested by the 
FPA when possible, but only 52% (95% CI= 29.8%-74.3%) 
of culture-positive animals were antibody positive. Ob-
tained results indicate that brucellosis infection in feral 
swine within the United States are typically caused by 
B. suis. However, improved serologic tests are needed to 
more accurately determine exposure to Brucella spp. and 
to monitor disease trends in feral swine populations.

Praud A., Gimenez O., et al. Estimation of sensitivity and 
specificity of five serological tests for the diagnosis of porcine 
brucellosis. Prev Vet Med. 2012 Apr 1;94-100.

During the research, the FPA test was included in sero-
logical testing on brucellosis in European pigs. While 
serological tests are essential in surveillance and control 
programs of animal diseases, none of the common sero-
logical tests approved in the EU (CFT or RBT) has been 
shown to be reliable for routine individual diagnosis of 
porcine brucellosis, and some more recent tests like ELI-
SA have not yet been fully evaluated. Serum samples 
were collected from a large population of pigs, repre-
sentative of European swine population, and tested with 
five brucellosis serological tests, including the RBT, FPA, 
iELISA and two cELISAs. The sensitivity and specificity 
of each test were estimated. Further results can be found 
in the document.

Praud A., Durán-Ferrer M., et al. Evaluation of three com-
petitive ELISAs and a fluorescence polarization assay for the 
diagnosis of bovine brucellosis. Vet J. 2016 Oct; 216 38-44. 

The aim of this study was to evaluate three commercially 
available cELISA kits and FPA for the diagnosis of bovine 
brucellosis and compare their performance with RBT, 
CFT, iELISA and FPA. Sera submitted to EU laboratories 
in 2011 from 5,111 adult cattle were tested, and individ-
ual Se and Sp were estimated. The ROC curve also was 
calculated. Conclusions are that the FPA could be used as 
a screening test, with inconclusive results interpreted as 
a negative in officially brucellosis free (OBF) regions and 
as positive in infected regions. None of the three cELISA 
kits studied could be recommended as a single screening 
test because of their low specificity, especially when used 
in a herd. 

Ramírez-Pfeiffer C., Díaz-Aparicio E., et al. Use of the Brucella 
melitensis native hapten to diagnose brucellosis in goats by a 
rapid, simple, and specific fluorescence polarization assay. Clin 
Vaccine Immunol. 2008 Jun;911-5.

The performance of the FPA using the recently described 
Brucella melitensis native hapten and the Brucella abor-
tus OPS tracer was evaluated and compared with those 
of the OIE tests related to iELISA and  cELISA  tests as 
classification variables for goat sera obtained from a 
high-prevalence area where the vaccination was per-
formed. Test series were also evaluated to increase the 
final specificity of the tests. The results given in this study 
suggested that the FPA may be routinely applied as an 
adaptable screening test for diagnosis of goat brucello-
sis since its cutoff can be adjusted to improve its sensi-
tivity or specificity; it is a rapid and simple test; it can 
be the test of choice when specificity is relevant or when 
an alternative confirmatory test is not available; and it is 
not affected by vaccination, thus reducing the number of 
needlessly slaughtered goats due to misdiagnosis.

Ramírez-Pfeiffer C., Díaz-Aparicio E., et al. Improved perfor-
mance of Brucella melitensis native hapten over Brucella abor-
tus OPS tracer on goat antibody detection by the fluorescence 
polarization assay. Vet Immunol Immunopathol. 2008 Jun 
15;223-9.

This study examined the role of native hapten (NH) lipo-
polysaccharide as an antigen to differentiate seropositive 
vaccinated goat from naturally infected animals. Current 
methods for goat brucellosis diagnosis are based on the 
OIE screening using the card test (CT), with the antigen 
at 8% (CT8) or 3% (CT3) of cell concentrations, and the 
confirmatory CFT. However, these tests do not differenti-
ate antibodies induced by vaccination from those derived 
from field infection by Brucella species or other bacteri-
al agents. In places like Mexico, where the prevalence of 
brucellosis and the vaccination rates are high, there is a 
considerable percentage of false positive reactions that 
causes a significant unnecessary slaughter of animals. 
Furthermore, results of the FPA using the Brucella abor-
tus OPS tracer and goats serum are poorer than those 
with cattle. The present study was undertaken to inves-
tigate a tracer prepared from the native hapten (NH) of 
the Rev. 1 strain of  Brucella melitensis to improve FPA 
performance on goat brucellosis diagnosis. They demon-
strated a new application for the NH lipopolysaccharide 
on detecting antibodies against Brucella using the FPA, 
which may yield faster results (minutes vs. 24-72 hours) 
than the immunodiagnosis assays frequently used and 
bovine brucellosis. In addition, NH tracer produces sim-
ilar or better performance results than the conventional 
OPS tracer, using the FPA and goat sera samples.
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Ramírez-Pfeiffer C., Nielsen K., et al. Application of the fluores-
cence polarization assay for detection of caprine antibodies to 
Brucella melitensis in areas of high prevalence and widespread 
vaccination. Clin Vaccine Immunol. 2007 Mar;14(3);299-303.

In this study, Mexican and Canadian OIE tests were 
compared with the FPA, alone or in combination, using 
iELISA and cELISA as classification variables for goat 
sera obtained from an area of high prevalence and wide-
spread vaccination. The relative sensitivities and specific-
ities were, respectively, 99.7% and 32.5% for RBT3, 92.8% 
and 68.8% for RBT8, 98.4% and 84.8% for Canadian CFT, 
83.7% and 65.5% for Mexican CFT and 78.1% and 89.3% 
for FPA. The use of the FPA as confirmatory test in com-
bination with other tests increased significantly the final 
specificities of the screening tests alone. They suggest 
that the FPA may be routinely applied as an adaptable 
screening test for diagnosis of goat brucellosis and as a 
confirmatory test for screening test series. Some advan-
tages of the FPA are that its cutoff can be adjusted to 
improve its sensitivity or specificity, it is a low-cost and 
easy-to-perform test of choice when specificity is relevant 
or when an alternative confirmatory test is not available, 
and it is not affected by vaccination, thus reducing the 
number of misdiagnosed and killed goats.

Ramirez-Pfeiffer C., Nielsen K., et al. Comparison of fluores-
cence polarization assay with card and complement fixation 
tests for the diagnosis of goat brucellosis in a high-prevalence 
area. Vet Immunol Immunopathol. 2006 Mar 15;110(1-2):121-
7.

An evaluation was performed of the FPA to detect an-
tibodies against Brucella melitensis, according to the 
Official Mexican Norm (NOM). In this study, a total of 
2,582 goat serum samples from a high-prevalence area in 
northeastern Mexico, where vaccination is applied, were 
used. Of these, 1,094 were classified as NOM negatives 
Card Test (CT) scan negatives or positives/complement 
fixation test (CFT) negatives and in 1,488 as NOM pos-
itives (CT and CFT positives). The ROC curve analysis 
was used to obtain the FPA sensitivity (83.5%), specificity 
(82.2%) and accuracy (88.2%) compared with NOM cri-
teria, using a cutoff value of 89 mP for positive samples. 
Finally, the FPA showed 95.8% sensitivity when using 
702 negative non-vaccinated samples. Taken together, 
these results suggested that the FPA might replace CT 
as a screening test for its better performance compared 
with CFT, based on these results the suggestion is that 
the use of the FPA as a screening test will help to reduce 
the percentage of wrongly slaughtered goats because of 
brucellosis misdiagnosis.

Riber U., Jungersen G., et al. Cell-mediated immune respons-
es differentiate infections with Brucella suis from Yersinia en-
terocolitica serotype O:9 in pigs. Vet Immunol Immunopathol. 
2007 Mar 15;116(1-2):13-25.

This research studied the use of a Brucella antigen to 
induce cell-mediated immune response. Due to almost 
identical lipopolysaccharide (LPS) O-antigens, infection 
with Yersinia enterocolitica serotype O:9 (YeO:9) is a com-
mon cause of false positive serological reactions (FPSR) 
in tests for Brucella diagnosis. This caused problems with 
the national Brucella surveillance programs application. 
Skin tests using the same commercial Brucella antigen 
confirmed the ability of cell-mediated immune response 
to differentiate between these two infections. In addition, 
a field evaluation of the diagnostic use of cell-mediated 
immune responses by an IFN-gamma assay and skin se-
rological test to resolve suspicions of Brucella was con-
ducted in a YeO:9 infected pig herd. In conclusion, use 
of IFN-gamma assay and skin test as measurements of 
cell-mediated immune responses to non-LPS Brucella an-
tigens were specific and sensitive in discriminating ex-
perimental subclinical infections with B. suis from both 
natural and experimental infections with YeO:9.

Samartino L., Gregoret R., et al. Fluorescence polarization as-
say: application to the diagnosis of bovine brucellosis in Argen-
tina. J Immunoassay. 1999 Aug;20(3):115-26.

A homogeneous FPA for detection of bovine antibody to 
Brucella abortus was validated in Argentina. Sera were 
defined based on their reactivity in the BPAT and cELISA.  
The values obtained on the FPA test  were compared to 
those obtained with the BPAT, cELISA, iELISA, CFT and 
2-mercaptoethanol agglutination test. Sera from 18 cattle 
that were vaccinated and revaccinated with B. abortus 
strain 19 were also tested by the same assays. The FPA 
was found to be 100% specific, and its use as a diagnostic 
test is further discussed.

Sánchez-Villalobos A., Urdaneta-Fernández M., et al. [Devel-
opment and evaluation of a serological protocol of fluorescence 
polarization for the preliminary study of Brucella spp. antibod-
ies in humans]. Invest Clin. 2011 Mar;51(1):48-57.

This work presents the results of diagnosis of brucellosis 
in humans, based on FPA tests from a drop of blood ob-
tained by the capillary technique. Brucella antibody as-
say was performed on a group of 321 high-risk workers. 
The results were compared with data from the analysis 
of blood serum by the FPA and a cELISA. Concordance 
was 318 (99.06%), and discordance 3 (0.93%), which were 
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negative in serum by the FPAs and cELISA, but with 
positive capillary FPA (FPAc). The comparative results 
for FPAc were Se 100% and Sp 99.05%. The identification 
was considered reliable, and the correlation of both pro-
cedures was no statistically different (P> 0.05%). That led 
to a recommendation that the  study and implementation 
of human brucellosis with capillary blood be used as a 
preliminary method. 

Stoffregen W.C., Olsen S.C., et al. Diagnostic characterization 
of a feral swine herd enzootically infected with Brucella. J Vet 
Diagn Invest. 2007 May; 19(3):227-37.

Eighty feral swine were trapped from a herd that had 
been documented to be seropositive for Brucella and that 
had been used for Brucella abortus RB51 vaccine trials 
on a 7,100-hectare tract of land in South Carolina. The 
animals were euthanized, and complete necropsies were 
performed. Brucella was cultured from 62 (77.5%) ani-
mals. Brucella suis was isolated from 55 animals (68.8%), 
and all isolates were biovar 1. Brucella abortus was isolat-
ed from 28 animals (35.0%), and included field strain bio-
var 1 (21 animals; 26.3%), Brucella abortus vaccine strain 
S19 (eight animals, 10.0%), and Brucella abortus vaccine 
strain RB51 (six animals, 7.5%). Males were significantly 
more likely to be culture positive than females (92.9% vs. 
60.6%). Thirty-nine animals (48.8%) were seropositive. 
Males also had a significantly higher seropositivity rate 
than females (61.9% vs. 34.2%). The relative sensitivity 
rates were significantly higher for the standard tube test 
(44.6%) and FPA (42.6%) than the card agglutination test 
(13.1%).

Stournara A., Minas A., et al. Assessment of serological re-
sponse of young and adult sheep to conjunctival vaccination 
with Rev-1 vaccine by fluorescence polarization assay (FPA) 
and other serological tests for B. melitensis. Vet Microbiol. 
2007 Jan 17;119(1):53-64.

Results of research are presented on the implementation 
of different serological tests for brucellosis in vaccinat-
ed sheep. The serological response of young and adult 
sheep vaccinated conjunctivally with Rev-1 vaccine was 
assessed by the FPA, RBT, (CFT), modified RBT, iELI-

SA and cELISA at different intervals during post vacci-
nation. One hundred and thirty-six adult sheep and 64 
lambs were used in the study. The vaccinated animals 
were bled prior to vaccination (day 0) and thereafter at 
the 21st, 35th, 42nd, 63rd, 91st, 125th, 159th, and 223rd 
and 330th days of post vaccination. The conclusion is 
that if control of brucellosis in sheep is based on conjunc-
tivally vaccination of lambs with Rev-1, the vaccinated 
animals can be tested by any test used for diagnosis of 
B. melitensis infection accurately at least four days post 
vaccination. If brucellosis control is based on mass vac-
cination, the use of  modified RBT and iELISA is not rec-
ommended for testing adult animals for at least 330 days 
(11 months) post vaccination due to test low specificity. 
Further research is needed with the appropriate cutoffs 
to be established for the FPA, cELISA or iELISA and to 
become valuable tools for the eradication of Brucella spp. 
infection in small ruminants in areas where vaccination 
is practiced.

Schumaker B.A., Corso B.A., et al. Evaluation of the fluores-
cence polarization assay for the detection of Brucella abortus 
antibodies in bison in a natural setting. Comp Immunol Mi-
crobiol Infect Dis. 2010 Dec;33(6):e119-25. 

The objectives of this study were to estimate the accuracy 
of the FPA for the screening of B. abortus antibodies and 
bison in a natural setting. Bison and elk in the greater 
Yellowstone area are the last-known reservoir of Brucel-
la abortus in the United States. Diagnosis of brucellosis 
is challenging because there is no perfect reference test. 
Serum and tissue samples were collected and analyzed 
from the known brucellosis-infected bison herd in Yel-
lowstone National Park (YNP). While the FPA and five 
other tests had perfect sensitivity, all tests had substan-
tially lower specificity in the YNP herd. A decision-tree 
analysis showed that the expected cost of the FPA testing 
was comparable to the cost of other serologic tests. The 
FPA was shown to be highly sensitive but may not be 
able to differentiate culture-positive and culture-negative 
animals. There is a need for long-term longitudinal stud-
ies to estimate diagnostic accuracy of tests for B. abortus 
in bison.
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Quality Control 

In-Process Quality Control and Serial Release

Quality Control procedures are designed according to 
the guidelines of good manufacturing practices (GMP), 
requirements of local authorities and the USDA. Each 
component of the test kit is controlled for performance 
before filling and after filling. The serial of the kit is tested 
for performance against the Release Panel and the previ-
ous serial of the kit.

A satisfactory serial is then sent for an external quality 
control review by an approved government laboratory. 
After obtaining results of the external quality control, a 
Certificate of Analysis is issued and the serial is released 
for sale.

Release Panel

The Release Panel used in production has been estab-
lished since the first production of the B1001 series kits 
and is used also by USDA for serial release. We are mov-
ing to a new Release Panel that will include equivalents 
of international standard samples like OIEISS and others

The baseline Negative Control is always tested and ap-
proved in comparison with the previously released ver-
sion of the product.

The Positive Control is adjusted to give readings of ~100 
∆mP on our reference Sentry 200 instrument in produc-
tion. A more sensitive instrument will provide readings 
of ~110-130 ∆mP.

Typical result of serial release testing is displayed in the 
following table. The Release Panel is available for pur-
chase for QC labs.

Expiration Monitoring

After the kit is released for sale, retention kits are stored 
at four different temperature regimes: (2-8˚C, 16-26˚C, + 
37˚±1°C and -20˚C). Test performance is measured at fol-
lowing intervals: day 1, 7, 15, 30, 3 months, 6 months, 12 
months, 18 months and 24 months. The stated intervals 
are not fixed. Testing can be performed more frequently 
if a parameter is monitored, to obtain more accurate data. 
A serial has never been recalled.

Sample mP ∆mP Expected Result ∆mP Result

SR1 77.05 2.3 -8.0 - 9.0 PASS
SR2 78.13 3.3 -8.0 - 9.0 PASS
SR3 77.59 2.8 -8.0 - 9.0 PASS
SR4 79.67 4.9 -8.0 - 9.0 PASS
SR5 76.06 1.3 -8.0 - 9.0 PASS
SR6 105.68 30.9 18.0 - 32.2 PASS
SR7 126.87 52.1 28.0 - 68.2 PASS
SR8 134.82 60.0 43.0 - 60.8 PASS
SR9 174.82 100.0 73.5 - 102.0 PASS
SR10 235.16 160.4 132.4 - 163.7 PASS


