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Abstract

EVALUATION OF FOUR IMMUNOASSAYS FOR DIAGNOSIS OF BRUCELLOSIS IN CUBA.
Four immunoassays (two indirect and two competitive ones) were evaluated by samples from areas free of

disease, free by vaccination and affected areas using as reference techniques the Bengal Rose Tests, the Antigen in
Buffered Plate Tests and the Complement Fixation Reaction Test. The evaluated samples demonstrated that the
competitive assays (ELISAC-1 and ELISAC-2) detected less false positives than the indirect ones (ELISAI-1 and ELISAI-
2). Of the competitive ELISAs, version 2 presented better sensitivity and specificity results in affected areas for 95%
confidence: 80.9 - 96.9 % and 97.5 - 99.4% respectively with positive predictive value in the range of 76 to 94% and
negative predictive one between 98.1 and 99.7%. It was concluded that this assay can be used for brucellosis control
because it gives higher assurance than the other evaluated immunoassays and it can discriminate infected from vaccinated
animals.

1. INTRODUCTION

Bovine brucellosis is an infectious disease affecting animals of all ages. Its wide distribution
throughout the American continent makes this disease an endemic problem for many countries in South
America. Cuba belongs to a group of countries where it has been controlled as a result of the Control
and Eradication Program introduced since 1964 and a large part of the countries territory is free of
brucellosis [1].

In Cuba the disease is restricted to areas of extensive cattle breeding and difficult access for
vaccination with Brucella abortus strain 19. The methods commonly used for serological diagnosis are:
the Bengal Rose Test (BR), Buffered Plate Agglutination (BPA), Slow Tube Agglutination (STA) 2-
Mercaptoethanol (2-Me) and the Complement Fixation Test (CFT), although these conventional
techniques do not distinguish vaccinated from naturally infected animals [2].

Immunoassays of two different kinds have been designed for brucellosis diagnosis: indirect [3]
and competitive [4] ELISA. The first does not displace some of the conventional techniques, as for
example CFT, for confirmatory diagnosis, since it does not achieve the necessary degree of specificity
(Peraza et al., unpublished results). The competitive ELISA using a specific monoclonal antibody does
not only meet better specificity criteria, but also solve the major problem of serological diagnosis of this
disease: discriminating between infected and vaccinated animals. Many authors as Wright et al. [5] and
Jacobson [6], consider that immunoassays should be evaluated under the epidemiological conditions of
each region before being used as diagnostic tools.

The aim of this work is to evaluate two competitive ELISAs and two indirect ELISAs
compared with conventional serological techniques as BR, ABP and CFT in sera from cattle free of
disease, free by vaccination and affected by brucellosis.
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2. MATERIALS Y METHODS

2.1. The following groups of sera were used:

2.1.1. Brucellosis free area
Sera samples from 1019 non-vaccinated animals from areas free of brucelosis were collected.

The herds under study did not present clinical, bacteriological or serological evidence of disease during
the last 20 years.

2.1.2. Vaccinated area
Sera samples from 927 animals vaccinated with Brucella abortus strain 19, from areas

without clinical, bacteriological or serological evidence of disease for the last 2 years.

2.1.3. Brucellosis affected area
Sera samples from 726 animals from brucellosis affected areas. These herds were vaccinated

with strainl9 and animals with clinical, bacteriological and serological evidences of brucellosis infection
have been found. In these areas the incidence is low due to the control and eradication program carried
out in the country.

2.2. Serological tests

The antigens used in the BPA, and BR tests were provided by Biomerieux, the CFT antigen
was produced in Cuba by Laboratories Biologicos Farmaceuticos (LABIOFAM, Biological
Pharmaceutical Laboratories)

The protocols used for the BR, BPA and 50% hemolysis CFT were described elsewhere [7].
These techniques were used as reference tests for evaluation and only those samples showing identical
results were taken into consideration.

The immunoassays used in this study: Indirect ELISA land 2 (ELISAI-1, ELISAI-2) and
competitive ELISA (CELISA-1, CELISA-2) were kindly provided by the Joint FAO/IAEA Division of
the International Atomic Energy Agency (IAEA), Vienna, Austria and each assay was carried out
according to the protocol provided with the kit.

2.3. Data analysis

All data were stored in Microsoft Excel and the cut-off point calculations, as well as the
sample analysis were done in EPI-INFO-6.0 and the Statistical Package Program.

For calculating the cut-off point in affected areas the Receiver Operating Characteristics
Analysis (ROC-analysis) was used [2,6]. To select the cut-off values for each test, the point where the
specificity of the assay assures a minimum of false positive samples and a higher positive predictive
value without affecting the sensitivity of the technique was determined.

3. RESULTS

Samples from disease free areas that gave false positive results were re-evaluated by each one
of the techniques for a final negative result

Tables I and II show the specificity of the ELISAI-1 in the free areas (96.3 - 98.7%), with a
negative predictive value of 100 %. In the 927 samples from the free-by-vaccination areas 22 false
positive samples were found giving a specificity of 99.2 - 99.9 % and a negative predictive value of 100
%. In affected areas the technique detected 59 of the 60 CFT positive samples and 635 of the 666
negative giving a sensitivity of 89.9 - 99.9 %, specificity 93.4-96.8%, positive predictive value of 54.7-
75.1 % and a negative predictive value of 99 - 100 %. All these results were obtained using a 44 percent
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positivity (PP) cut-off point. The ROC analysis for this assay, the distribution frequency analysis as
well as the dispersion of samples for each population under evaluation are presented in Figures 1, 2, and
3.
TABLE I. RESULTS OF THE EVALUATED SAMPLES IN EACH IMMUNOASSAY

Sample

Affect
Vac
Free

TP
59

ELISAI-1
TN
635
905

1017

FP
31
22
2

FN
1

TP
57

ELISAI-2
TN
641
914
1017

FP
25
13
2

FN
3

TP
57

CELISA-1
TN
651
925
1018

FP
15
2
1

FN
3

TP
55

CELISA-2
TN
658
926
1016

FP
8
1
3

FN
5

TP
TN

true positives
true negatives

FP
FN

false positives
false negatives

TABLE II. SENSITIVITY, SPECIFICITY, POSITIVE PREDICTIVE VALUE, NEGATIVE
PREDICTIVE VALUE FOR A 95% CONFIDENCE INTERVAL USING THE CONVENTIONAL
SEROLOGICAL TESTS AS REFERENCE

Tests Sensitivity PPV Specificity NPV
ELISAI-1 (44PP)
Affected
Vaccinated
Free

89.9-99.9% 54.7-75.1% 93.4-96.8%
99.2-99.9%
96.3-98.7%

NPV Negative Predictive Value
PPV Positive Predictive Value

100

99

98

97

96

95

94

93

92

91

90

99-100%
100%
100%

ELISAI-2 (55PP)
Affected
Vaccinated
Free
ELISAC-1 (40PI)
Affected
Vaccinated
Free
ELISAC-2 (35PI)
Affected
Vaccinated
Free

85.2-98.7%

85.2-98.7%

80.9-96.9%

58.2-79.9%

67.7-87.5%

76-94%

94.4.97.5%
99.2-99.9%
97.5-99.2%

96.2-98.7%
99.1-99.9%
99.4-99.9%

97.5-99.4%
99.3-99.9%
99-99.9%

98.5-99.9%
100%
100%

98.5-99.9%
100%
100%

98.1-99.7%
100%
100%

90 91 92 93 97 98 99 10094 95 96

Specifirity%

FIG. 1. Frequency distribution of the samples from affected areas of ELISAI-1 using ROC analysis.
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FIG. 2. Frequency distribution of the samples from affected areas of ELISAI-1.
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FIG. 3. Analysis of the sample dispersion in the three evaluated categories ELISAI-1.

ELISAI-2 showing a specificity of 97.5 - 99.2% in free areas and a negative predictive value
of 100 %. In vaccinated areas 13 samples were found to be false positives giving a specificity of 99.2 -
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99.9% and a negative predictive value of 100 %. The sensitivity in affected areas was 85.2 -98.7%,
with a positive predictive value of 58.2 - 79.9%, while specificity reached values between 94.4 - 97.5%,
with a negative predictive value of 98.5-99.9 % due to 25 false positive and 3 false negative samples.
The cut-off point for this analysis was 56 PP. The ROC-analysis results, the frequency diagram for
affected areas and the dispersion of the evaluated populations can be appreciated in graphics 4, 5 and 6.
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FIG. 4. Analysis of the sensitivity and specificity using different cut-off points in animals from
affected areas ELISAI-2 using ROC analysis.
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FIG. 5. Frequency distribution of the sample dispersion in the three evaluated categories ELISAI-2.

145



120 ,

100

80

60

40

20

95%
5%
75%
25%

Median

-201
NA PA

PA Positive animals from Affect areas
NA Negative animals from affect areas
V Animals from vaccine areas
F Animals from free areas

FIG. 6. Analysis of the sample dispersion in the three evaluated categories ELISAI-2.

CELISA-1, presented specificity values of 99.4 - 99.9% in disease free areas and displayed a
negative predictive value of 100 %. In vaccinated areas two false positive samples were found giving a
specificity of 99.1 - 99.9% and a negative predictive value of 100 %. The immunoassay gave 3 false
negative results in samples from affected areas giving a sensitivity of 85.2 - 98.7% and a positive
predictive value of 67.7 - 87.5%, while 651 negative samples gave a specificity of 96.2 - 98.7% and a
negative predictive value of 98.5 - 99.9%. The cut-off point for this analysis was 40 percent of
inhibition (IP). The ROC-analysis results, the frequency distribution and dispersion for each population
are displayed in graphics 7, 8 and 9.
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FIG. 7. Analysis of the sensitivity and specificity using different cut-off points in animals from
affected areas CELISA-I using ROC analysis.
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FIG. 8. Frequency distribution of the samples from affected areas of CELISA-1.
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FIG. 9. Analysis of the sample dispersion in the three evaluated categories CELISA-1.
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CELISA-2, showed in free areas a specificity of 99 - 99.9% and a negative predictive value of
100 %. In vaccinated areas the specificity ranged between 99.3 - 99.9% with a negative predictive value
of 100 %. In the affected areas 5 false negative results gave a sensitivity of 80.9 - 96.9%, with a
positive predictive value of 76-94%. The specificity was calculated between 97.5 - 99.4% because of 8
false positive results and the negative predictive value was 97.5 - 99.4%. The cut-off value used in this
analysis was 35 IP. The ROC-analysis, frequency distribution for affected areas and dispersion of the
evaluated populations are shown in graphics 10, II and 12.
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FIG. 10. Analysis of the sensitivity and specificity using different cut-off points in animals from
affected areas CELISA-2 using ROC analysis.
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FIG. 11. Frequency distribution of the samples from affected areas of CELISA-2.
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FIG. 12. Analysis of the sample dispersion in the three evaluated categories CELISA-2.

4. DISCUSSION

The results obtained in the indirect tests demonstrated that ELISAI-1 shows a higher
sensitivity than the rest of the evaluated immunoassays, since it detected all the samples that were
positive by the conventional techniques. The only false negative sample was also negative for the rest of
the immunoassays which could be due to a specificity problem, of the reference techniques.
Nevertheless, the specificity of the assay was not good because 26 of the positive samples by this test
were negative if tested by ELISAI-2 which uses EDTA/EGTA for the sample buffer to eliminate non-
specific reactions [8]. It was also found that 14 sera were positive to both indirect tests and negative for
the competitive ones. Since these techniques are not able of differentiate between vaccinated and
infected animals, this could be due to the vaccine antibodies in these animals [9,10]. The sensitivity and
specificity results for ELISAI-1 and ELISAI-2 do not show differences.

The results for the CELISA-1, developed by Nielsen et al. [4], modified later by Gall et al. [11
] detected 3 false negative samples, apparently animals with vaccine antibodies, and 17 false positive
samples. CELISA-2 developed afterwards [8,12], and incorporated EDTA/EGTA in the sample buffer
and used a different monoclonal antibody, was more specific than the first it did not detect 9 of the false
positive samples, confirming the findings in the indirect assays when chelating agents were used. The
remaining false positive samples found in both tests were bacteria contaminated sera [13]. The possible
cause of the false negative samples in the ELISAC-2 test were the same as for CELISA-1. The
sensitivity and specificity found for these immunoassays were not very different, although CELISA-2
showed better positive predictive value (76 -9 4%). These results are shown in Tables I and II.

To determine the cut-off value for each irnmunoassay with confidence the ROC-analysis
program was used (Figures 1, 4, 7 and 10) analysing the sensitivity and specificity for a range of cut-
off points. The value was selected taking into account the point where the highest specificity was
obtained, without affectmg the sensitivity of the assays. As can be observed in each of the Figures
starting with the selected value when the specificity increases the sensitivity decreases.
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In Figures 3 and 6 the distribution of the populations evaluated in the ELISAI-1 and ELISAI-
2 is shown. If the sample dispersion in areas free of disease is analysed it is much lower than from the
areas free of disease by vaccination and again these are much weaker than the ones derived from
affected negative samples. This occurs because in vaccinated populations vaccine-strain-antibody-titers
are higher [9], These results are characteristic for indirect immunoassays which can not distinguish
vaccine antibodies from post-infection antibodies. It could be observed that in affected population
ELISAI-1 distinguishes the maximum negative sample values and the rninimum positive sample values
better than ELISAI-2 and it is concluded that ELISAI-1 is the safer test for diagnostic use.

For the competitive immunoassays the distribution of the negative samples in the three
categories is different from the indirect immunoassays (Figures 9 and 12). CELISA-2 requires
EDTA/EGTA for the sample buffer. All groups present the same distribution, as expected for this
assay, because sera from the vaccinated animales, which contain antibodies against strain 19, do not
displace the monoclonal antibody used. CELISA-1 does not show a homogenous distribution for all
groups, probably due to non-specific reactions. In the positive samples from affected areas the IP values
are lower than the cut-off values for both assays. These sera must come from vaccinated animals which
result positive in the indirect and reference tests, but have negative values in the competitive ones.

We may conclude that the addition of divalent cations (EDTA/EGTA), as chelating agents,
reduces non-specific reactions improving the specificity of the technique without affecting the
sensitivity.

The use of immunoassays for the diagnosis of brucellosis demands their evaluation with
respect to conventional diagnostic tests, using different animal populations for adjusting the cut-off
point in relation to the sensitivity and specificity criteria required for each area.

hi this study CELISA-2 showed better positive predictive value than the rest of the
immunoassays and a high specificity. This minimises the possibility of giving false positive animals in
comparison with any other of the evaluated irnmunoassays. This technique, unlike conventional tests
and the indirect irnmunoassays [8,12], allows differentiation between vaccinated and infected animals.
It is necessary to bear in mind that this test is very sensitive to bacterially contaminated sera, giving
false positive [13]. Its characteristics permit fast processing of a big number of samples (1 hour) and the
computerised analysis of the results. Bearing in mind the aforementioned, this technique can be used for
screening purposes and as a confirmatory test in the serological diagnosis of brucellosis [13,14].

ACKNOWLEDGEMENTS

This research was carried out with the support of the Animal Production and Health Section,
Joint FAO/IAEA Division, the Agriculture Laboratory, Agency's Division (IAEA) and the Instituto de
Medicina Veterinaria of Cuba. The author wishes to thank Dr. Olga Marino and Dr. Klaus Nielsen for
their kind help and advice and Dr. Axel Colling for all his collaboration and help with the publication of
these results.

REFERENCES

[1] OPS/OMS, Situacion de la brucelosis bovina en las Americas, IX Reunion Interamericana de
Salud Animal aNivel Ministerial, Washington, D.C., EUA, 25 a 27 de abril de 1995.

[2] NIELSEN, K.H., GALL, D. E., KELLY, W.A., VIGLIOCCO, A. M., HENNING, M. D.,
GARCIA, M.M., Immunoassay development, Application to Enzyme Immunoassay for the
Diagnosis of Brucellosis, Copyright, Agriculture and Agri-Food Canada, 1996a. ISBN 0-662-
24163-0.

[3] WRIGHT, P.F., KELLY, W., GALL, D.E., Application of a timing protocol to the reduction
of inter-plate variability in the indirect enzyme immunoassay for the detection of anti-Brucella
antibody, J. Immunoassay 6 (1985) 189-199.

[4] NIELSEN, K. H., CHERWONOGRODZKY, J., DUNCAN, J. R. AND BUNDLE, D. R.,
Enzyme-linked immunosorbent assay for differentiation of the antibody response of cattle

150



naturally infected with Brucella abortus or vaccinated with strain 19, Am. J. Vet. Res., 50
(1989) 5-9.

[5] WRIGHT, P.F., NILSSON, E., VAN ROIJ, E.M.A., LELENTA, M., JEGGO, M.H.,
Standardisation and validation of enzyme-linked immunosorbent assay techniques for the
detection of antibody in infectious disease diagnosis, Rev. Sci. Tech. Off. Int. Epiz. 12 (1993)
435-450.

[6] JACOBSON, R.H., Factors in selecting serum samples for use in determining the
positive/negative threshold (cut-off) in ELISA, IAEA TECDOC, (in press).

[7] ALTON, G.G., JONES, L. M., ANGUS, R. D. AND VERGER, J. M., Techniques for the
brucellosis laboratory, INRA, Paris (1988) 190 pp.

[8] NIELSEN, K. H., KELLY, L., GALL, D., SMITH, P., BOSSE, J., NICOLETTI, P. AND
KELLY, W.5 Use of divalent cation chelating agents (EDTA/EGTA) for reduction of non-
specific serum protein interaction in enzyme immunoassay, Vet. Res. Commun. 18 (1995a)
433-437.

[9] NIELSEN, K. H., GALL, D., KELLY, W., HENNING, D., AND GARCIA, M. M., Enzyme
immunoassay: application to diagnosis of bovine brucellosis, Monograph (1992) Agriculture
Canada.

[10] ABALOS, P., IBARRA, L., PINOCHET, L., NAVIA, F., BOISIER, X., Residual anti-
Brucella abortus strain 19 antibodies detected in adult cattle by two indirect-ELISA tests,
Veterinary Record 138 (1996) 140.

[11] GALL, D. AND NIELSEN, K. H., Improvements to the competitive ELISA for detection of
antibody to Brucella abortus in cattle sera, J. Immunoassay 15 (1995) 277-291.

[12] NIELSEN, K. H., KELLY, L., GALL, D., BALSEVICIUS, S., NICOLETTI, P. AND
KELLY, W., Improved competitive enzyme immunoassay for the diagnosis of bovine
brucellosis, Vet. Immunol. Immunopathol., 46 (1995b) 285-291.

[13] NIELSEN, K.H., KELLY, L., GALL, D., BALSEVICIUS, S., J. BOSSE, NICOLETTI P.,
KELLY, W., Comparison of enzyme immunoassays for the diagnosis of bovine brucellosis,
Preventive Veterinary Medicine 26 (1996b) 17-32.

[14] UZAL, F.A., CARRASCO, A.E., NIELSEN, K.H., Evaluation of a competitive ELISA for
the diagnosis of bovine brucellosis, Vet. Res. Comm. 20 (1996) 421- 426.

NEXT PAC3S(
left eii4t

l 151


