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Abstract

USE OF AN INDIRECT ENZYME LINKED IMMUNOSORBENT ASSAY FOR THE DIAGNOSIS AND
EPIDEMIOLOGICAL STUDIES OF BRUCELLA ABORTUS IN CHILE.

It is well known that traditional brucellosis diagnostic tests have a lack of sensitivity and specificity depending on the
area or country where they have been used. Seeking for better alternatives, we undertook an evaluation of an ELISA test for
bovine brucellosis diagnosis, for its possible use in Chile.

We collected 2 groups of sera from negative animals: one from an area free of SI9 vaccination (n=491) and a second
from vaccinated herds (n=349). These groups were used for determination of cut-offs and diagnostic specificity calculations. A
positive group of sera was collected from animals (n=186) from infected herds which were all reactors in the Rose Bengal (RB)
and Rivanol (RJV) tests; some were also bacteriological culture positive and positive to an immunodiffusion test. This group
was used for sensitivity calculation. A final test group of 385 sera from herds with brucellosis, either negative or positive in the
RB or RIV tests, were used for relative sensitivity and specificity calculations.

The calculated cut-off values were 26% and 61% of Percentage Positivity (PP) for the free area and vaccinated
negative groups, respectively. Real sensitivity was 100% and real specificity was 98.6% when a 26% cut-off was used. Using the
61% cut-off value, the relative sensitivity respect of the RB and RIV tests were 95,7% and 100%, respectively. In addition,
relative specificity with respect to the RB and RIV tests were 82.4% and 81.8%, respectively.

1. INTRODUCTION

Conventional brucellosis diagnostic tests have achieved success in many control and
eradication programs. However, there are problems with their diagnostic performance, depending on the
cattle population in which they are applied and the epidemiological circumstances of the area or country
where they are in use [1,2].

Among the classical serological tests for brucellosis diagnosis, the agglutination tests have
been used extensively and today they are still playing an important role. The standard agglutination test
(SAT) performs relatively poorly resulting in several modifications; in particular, in the buffered plate
antigen test (BPAT), the card and rose bengal tests (RBT), the rivanol test (RTV) and 2-mercaptoethanol
(2-ME) tests. The complement fixation test (CFT), also considered as a classical test, is undoubtedly one
of the better performing diagnostic tests [2].

The use of soluble extracts of Brucella sp. as antigens instead of whole cells has made it
possible to develop other conventional tests such as the indirect hemolysis test (IHLT), hemolysis-in-gel
test (HIGT), radial immunodiffusion (RED) and immunodiffusion (ID) tests [2]. Although these tests do
not enhance substantially the diagnostic performance, some of them were useful for differentiating S19
vaccinated animals from Brucella field strain infected cattle and have been used for the evaluation of
reduced dose S19 re-vaccination schemes [3, 4, 5, 6, 7]. These antigens have also been used in primary
bindings assays developed to achieve better diagnostic performances in brucellosis serology [8, 9, 10,
11].

This work was conducted to validate an indirect ELISA and to evaluate this test as a future
diagnostic test for use in Chile.

2. MATERIAL AND METHODS

Bovine sera from different groups of animals were collected for use in determining the cut-off
and real and relative sensitivity and specificity values of the ELISA. All sera were obtained from adult
cattle by the method recommended by MacMillan [12].
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Brucellosis Free Area-Negative group (A): consisted on 491 sera from cattle in a geographic
areas free from brucellosis and where S19 vaccine was never used. All sera were negative in the RB and
RTV tests. They were used to determine a cut-off value and were considered as true negatives for real
specificity calculations.

Brucellosis Vaccinated Herd-Negative group (B): 349 sera were collected from herds certified
by the Ministry of Agriculture as "free herds". The sampled animals had received S19 vaccine between
3 to 8 months of age and were negative in the RB and RTV tests. This group was used for a second
cut-off determination.

Brucellosis Positive group (C): consisted of 186 sera from cattle raised in herds with more of
2% of prevalence and where brucellosis had been diagnosed by bacteriological culture. All these sera
were positive in the RB and RTV tests and a considerable number were cultured positive for B. abortus
and gave positive immunodiffusion test (ID) reactions. This group was considered as true positive
animals and was used for real sensitivity calculation.

Test group (D): 385 sera were collected from herds with brucellosis diagnosed by serological,
bacteriological and epidemiological means. These sera were either negative or positive in the RB and
RIV tests and were used to calculate the relative sensitivity and specificity of the ELISA test.

2.1. RV and RIV tests

Classical serological tests such as the RB and RJV tests were performed as described by Alton
etal[13].

2.2. ELISA

The indirect ELISA test was performed as recommended by FAO/IAEA [14]. Briefly, the
indirect ELISA used a s-LPS antigen diluted in carbonate buffer pH 9.6 for coating 96-wells
polystyrene plates (NUNC 69620). A volume of 100 ul per well was used and incubated for a period of
18 hours at 4°C. After washing the wells three times, tests sera, diluted 1:200 in described PBS, were
added in duplicate and incubated for one hour at 37°C. Quadruplicate wells of strong positive, weak
positive and negative control sera diluted 1:200 were also included. A conjugate control (in
quadruplicate) with PBS instead of serum was included. After incubation and another, wash cycle,
rabbit anti-IgG peroxidase conjugate with H+L activity, diluted in PBS, was added to each well and
incubated at 37°C for one hour. After incubation and an additional wash cycle, 100 |al of a substrate
solution, containing hydrogen peroxide and ABTS in citrate buffer pH 4.5 were added to each well and
color was allowed to develop for 10 minutes with continuous shaking. At ten minutes a stopping
solution (4% SDS) was added to each well and the plate was read immediately in an Immunoskan Plus
ELISA reader using the BREIA 1.1 software. This program calculates the mean OD of serum
duplicates and also calculates the Percent Positivity (PP) value for each serum relative to the strong
positive control sera of each plate. With this method it is possible to compare all sera on the same basis.
The PP values were used for the cut-off estimations and the positive and negative results obtained using
these cut-offs were used for sensitivity and specificity determinations.

3. RESULTS

3.1. Cut-off determination

Initially, the cut-off values were determined for the two negative groups. Analysis of variance
showed that a significant difference existed (p<0.05) between the two groups. The statistical
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calculations of the PP values from the Free Area Negative and Vaccinated Herd Negative groups and
their respective cut-offs (cut-off = negative group PP mean + 3D) are shown in Table I and Figure 1.

TABLE I. INDIRECT ELISA PP AND CUT-OFF VALUES CALCULATED FROM TWO
DIFFERENT POPULATIONS OF BRUCELLLOSIS NEGATIVE ANIMALS (VACCINATED AND
NON-VACCINATED)

PP%

Negative group

Free area

Vaccinated herd

n'

491

349

mean

12.1

23.6

SD

4.7

12.5

cut-off

26.3

61.1

IAEA Cut-off

2.5 5 7.5 10 12.S 16 19 22 25 28 32 36 40 44 47 50 56 61 66

Free area

Vaccinated area

FIG. 1. Frequency of ELISA PP values in two brucellosis negative cattle populations in Chile.

3.2. Calculation of real sensitivity and specificity values

Real sensitivity and specificity values were calculated with the IAEA 35% proposed cut-off
and with our own, 26% and 61%, proposed cut-offs values calculated for negative groups from Free
Area and Vaccinated Herds. These results are presented in Table II.
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TABLE II. REAL SENSITIVITY AND SPECIFICITY OF THE FAO/IAEA INDIRECT ELISA KIT
FOR BRUCELLOSIS DIAGNOSIS IN CHILE, IN TWO EPIDEMIOLOGICAL CATEGORIES OF
ANIMAL POPULATIONS USING DIFFERENT CUT-OFF VALUES

Cut-off

26%

35%

61%

Number
Positive

Negative

Number
Positive

Negative

Number
Positive

Negative

Positives

186
186

0

186
186

0

186
186

0

Sensitivity

100%

100%

100%

Negatives

491
7

484

491
1

490

349
9

340

Specificity

(Free area)

98.6%

99.8%

(vaccinated herd)
97.4%

3.3. Relative sensitivity and specificity

The relative sensitivity, and specificity of the ELISA kit was calculated with respect to the RB
and RTV tests, using the FAO/IAEA cut-off of 35% and our calculated cut-off of 61%. These data are
presented in Table III. We did not use the other calculated cut-off of 26% because all animals of group
D were vaccinated with S19 at 3 to 8 months of age and this cut-off was calculated using sera from
non-vaccinated cattle.

TABLE III. RELATIVE SENSITIVITY AND SPECIFICITY OF THE FAO/IAEA INDIRECT
ELISA WITH RESPECT TO THE RB AND RJV TESTS IN CHILE, USING TWO CUT-OFF
VALUES (THE CUT-OFF RECOMMENDED BY FAO/IAEA AND THAT CALCULATED FOR A
VACCINATED CATTLE POPULATION)

Test Cut-off Sensitivity
%

Specificity'

Rose Bengal

Rivanol

35
61

35
61

100
95.7

100
100

62.7
82.4

72.5
81.8

4. CONCLUSIONS

Prior to the establishment of the diagnostic usefulness of a serological test, it is necessary to
determine the diagnostic threshold or cut-off value which will separate the positive from negative
animals for that particular test. The indirect ELISA was used to determine the cut-off values for the
negative control readings of OD or Percentage Positivity (PP) [15, 14]. For this reason, depending of
the population, cut-off values could vary from one area to another depending on the vaccination status
of the animals.

Theoretically, to calculate the real diagnostic specificity of a serological test in a specific area,
sera from a true negative group of animals are required. This group ideally should never have had
contact with the etiological agent of the disease [16]. For this, sera from cattle in a geographically
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isolated zone where cattle never have been vaccinated with Brucella abortus S19 were collected. Also
of importance is that brucellosis had only been diagnosed serologically and then sporadically in this
area. However, when required to test populations with different epidemiological characteristic, sera
from negative animals in that area should be collected and negative sera should be used to determine a
"local" cut-off value. In our country, the official brucellosis control programme recommends the use of
S19 calfhood vaccination with a standard dose and a large proportion of the bovine population has been
vaccinated between 3 to 8 months of age. Therefore, we collected sera from negative animals that had
received the vaccine but belonged to officially-declared brucellosis-free herds, for cut-off
determinations.

The difference in PP values between these two negative groups is statistically significant and
clearly demonstrates that different cut-off value should be used depending on whether the population to
be tested has been vaccinated or not.

This ELISA kit gave a 100% sensitivity independently of the cut-offs values used (Table II)
and this indicates that all positive animals will be detected by this test. When using a 61 % cut-off, the
sensitivity was 100% although this cut-off seems rather high. When relative sensitivities were calculated
it was clear that ELISA had a lower sensitivity (95.7%) with respect to the RB test which traditionally
is considered as being too sensitive i.e. giving too many false positives.

Analyzing the real specificity, the ELISA is apparently quite specific, (98.9% and 99.8)
regardless of the cut-off value used (26% or 35%), which were calculated based on reactivity of the true
negative population or provided by the FAO/IAEA, respectively. However, this specificity decreased to
97.4% when the cut-off calculated from the negative vaccinated population was used. This is
undoubtedly due to the effect of vaccination and the high analytical sensitivity of the indirect ELISA. It
appears that due to the analytical sensitivity of the ELISAs, this test can detect lower levels of persistent
antibodies resulting from vaccination than the traditional tests are capable of. Moreover, the H&L chain
specificity of the conjugate causes enhanced detection of IgM and for this reason the specificity of the
ELISA decreased when compared to the RB and RIV tests which predominantly detect IgG antibody.
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