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A Comparative Assessment of Serological 
Assays used for the Diagnosis of 
Brucellosis in Cattle 
K. Towey, J.M. Griffin, D. Williams\ M. Sheahan2 and T. Heneghan3 

Introduction 
The primary method of detection of brucellosis in a herd is by means of serological tests applied to 

the individual animals and the presence of clinical signs of abortion. Two tests, namely, the Micro 

Serum Agglutination Test (MSAT) and the Complement Fixation Test (CFT), have been used 
extensively in Ireland. However, in recent years other tests have become available and in 2000 Ireland 
adopted the Indirect ELISA (iEIA) as the primary screening test in place of the MSAT. 

This study was undertaken in order to determine the current options regarding diagnostic testing of 

cattle for brucellosis. In total, six serological tests were investigated. The aim of the study was to 
investigate the sensitivity and repeatability of these tests and to make recommendations as to their 

future use in the bovine brucellosis eradication programme. 

Methodology 
D ata were collected at the Brucellosis Laboratory in November/December, 1999. Thirty herds were 

selected from seven counties. These herds were assumed to be infected with Brucella abortus on the basis 
that 3 or more cattle gave positive results to both the MSAT and CFT. These herds contained 2,713 

cattle, with a mean herd size of 90 cattle. Each animal was classified as being either positive or negative 
to the MSAT. Approximately 33% of the animals in the herd were positive to the MSAT test. Each 
animal had the six tests applied. The tests examined are presented in Table 1. 

Table 1. List of serological tests examined in the study. 

MSAT 
Micro Serum 
Agglutination Test 

CFT 
Complement 
Fixation Test 

iEIA 
Indirect ELISA 

cEIA 
Competitive 

ELISA 

FPA 
Fluorescent 

Polarisation Test 

BPAT 
American 
Plate Test 

The iEIA test provides three possible outcomes, negative, suspect and positive. For the purposes of this 

paper the results of the iEIA are divided into two groups viz . positive and not positive ('negative'). 

Animals with suspect results were included in the latter group. 

In general a diagnostic test is evaluated by comparing the test result with the true positive or negative 
status. In the absence of culture results for the individual animals, as in this case, there was no direct 

confirmation of the true Brucella infection status of the animals used in this study. Instead, a proxy for 

Bruce/la infection was used, namely, an animal which had any three tests positive was deemed to be 

Brucella-infected, for the purpose of the study. This is termed the Brucella Infection Proxy. 
1 Department of Statistics, University College Dublin, Belfield, Dublin 4, Ireland. 
2 Department of Agricu lture, Food and Rural Development, Agriculture House, Kildare Street, Dublin 2, Ireland. 
3 Department of Agriculture, Food and Rural Development, Brucellosis Laboratory, Cork, Ire land. 

ERADITEAGASC 69 Veterinary Epidemiology & Tuberculosis Investigation Uni~ UCO 



Results 
The results for each individual test are presented in Table 2. 

Table 2. Results of the individual serological tests on each animal. 

Test 
MSAT 
CFT 
iEIA 
cEIA 
FPA 
BPAT 

Number of animals Positive 
807 
540 
720 
587 
566 
484 

Percent of animals Positive 
29.8 
20.4 
26.5 
21.6 
20.9 
17.8 

It was possible that each animal could be positive to zero, one or more of the tests and negative to 
others. Overall 65. 9% (1788) of the animals were negative to all tests; for the purposes of this study, 

these animals were deemed to be Brucella- free.A further 418 (15.4%) were positive to all six tests; these 

latter animals were deemed Brucella-infected.A total of215 cattle (8.1%) were positive to one test only 
(Table 3). 

Table 3. Test results for the animals that had 
one test positive. 

Test 
MSAT 
CFT 
EIA 
cEIA 
FPA 
BPAT 
Total 

Positive 
121 

1 
71 
7 

14 
1 

215 

The overall results are summarised in Figure 1. 

Percent Positive 
56.3% 
0.5% 

33.0% 
3.3% 
6.5% 
0.5% 

Figure 1. Frequency distribution of the number of positive test results. 
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In order to investigate the level of agreement between tests each individual test was compared with 

each of the other five tests. For example, the MSAT and iEIA tests are compared in Table 4. 

Table 4. Percentage of agreement between the MSAT and iEIA tests. 

iEIA 
Negative Positive Totals 

Negative 1,816 86 1,902 
MSAT 95.5% 4.5% 

Positive 176 631 807 
21.8% 78.2% 
1,992 717 2,709 

It can be seen that when the MSAT test was positive, the iEIA test was also positive for 78.2% of the 

same animals; w hen the MSAT was negative the iEIA test was also negative for 95.5% of the animals. 

The level of agreement for each test w ith each of the other five tests is summarised in Tables 5 and 6. 

Table 5. Percentage of agreement between tests when the index test is positive. 

Index Result Positive 
Test MSAT CFT iEIA cEIA FPA BPAT 
MSAT Pos 66.58 78.19 70.38 67.41 59.36 
CFT Pos 99.26 96.30 94.81 88.33 81.85 
iEIA Pos 88.01 72.83 77.36 72.78 64.44 
cEIA Pos 97.26 87.82 94.89 85.18 76.66 
FPA Pos 96.45 85.18 92.58 88.34 75.97 
BPAT Pos 99.38 91.89 95.87 92.98 88.84 

Table 6. Percentage of agreement between tests when the index test is negative. 

Index Result Negative 
MSAT CFT iEIA cEIA FPA BPAT 

MSAT Neg 99.78 95.48 99.16 98.95 99.84 
CFT Neg 87.27 90.82 96.64 96.07 98.15 
iEIA Neg 91.16 98.97 98.49 97.89 99.00 
cEIA Neg 88.75 98.65 92.33 96.90 98.40 
FPA Neg 87.74 96.99 90.87 95.95 97.48 
BPAT Neg 85.27 95.49 88.51 93.85 93.90 

The kappa value was used to measure the level of agreement between two tests taking into account 
any agreement that may be due to chance. High levels of kappa indicate a close correlation between 

the test results. 
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The levels of agreement between tests, as expressed by means of a kappa value, are presented in Table 7. 

Table 7. Level of agreement between tests measured by a kappa value. 

Tests kappa Values 
MSAT CFT iEIA cEIA FPA BPAT 

MSAT 0.732 0.761 0.756 0.727 0.670 
CFT 0.778 0.888 0.833 0.834 
iEIA 0.806 0.759 0.709 
cEIA 0.832 0.802 
FPA 0.776 
SPAT 

Tables 8 - 10 record the observed proportion of agreement between a Brucella Infection Proxy and 
each test. The Proxy is defined as follows, any three positive tests indicates' Brucella-infected' status and, 
conversely, any three negative tests indicates' Brucella- free' status. Results for the MSAT and iEIA tests 

are shown in Table 8. 

Table 8. Level of agreement for the MSAT and iEIA tests using a Bruce/la Infection proxy 

MSAT iEIA 
Proxy for Brucella +ve -ve Proxy for Brucella +Ve -ve 

Infection Proprtn. Proprtn. Infection Proprtn. Proprtn. 
CFT iEIA CEIA 99.80 94.81 MSAT CFT cEIA 99.61 88.16 
CFT iEIA FPA 99.79 94.99 MSAT CFT FPA 99.58 87.72 
CFT iEIA SPAT 100.00 94.81 MSAT CFT SPAT 99.32 87.66 
CFT cEIA FPA 99.79 91.55 

1 
MSAT cEIA FPA 99.60 88.28 

CFT cEIA SPAT 100.00 90.78 MSAT cEIA SPAT 99.78 88.17 
CFT FPA SPAT 100.00 91.02 MSAT FPA SPAT 99.07 87.82 
iEIA cEIA FPA 99.80 94.93 CFT cEIA FPA 99.79 85.03 
iEIA cEIA SPAT 99.78 94.86 CFT cEIA SPAT 99.77 84.32 
iEIA FPA SPAT 100.00 94.89 CFT FPA SPAT 99.51 84.14 
CEIA FPA SPAT 100.00 91.65 cEIA FPA SPAT 99.76 85.17 

99.90 93.43 Mean 99.58 86.65 

Each test result was either positive or negative. Each test had from 0 to 5 tests agreeing with its result 

on each individual animal. In Table 9 the level of agreement for each test with each of the five other 

tests, when the test is positive, is shown. H ence for example, the MSAT yielded a positive result on its 
own for 10.16% of the cattle (i.e. no other test yielded a positive result for the same animal). The 
MSAT gave a positive result that was confirmed by a positive result by all five other tests for the sam e 

animal for 50.56% of the cattle. 
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Table 9. Level of agreement for each test with all the other tests when 
the index test is positive 

Positive Tests 
MSAT 
iEIA 
FPA 
cEIA 
CFT 
T 

0 
10.16 
9.94 
2.30 
0.34 
0.19 

0 

Percentage of other tests positive 
1 2 3 4 5 

11.03 9.67 6.57 12.02 50.56 
6.72 7.28 6.44 12.75 56.86 
1.94 5.65 5.12 12.90 72.08 
2.56 4.94 6.13 16.52 69.51 
0.93 2.04 5.19 16.11 75.56 
0.83 3.51 4.13 7.23 84.3 

Mean 
3.51 
3.76 
4.41 
4.44 
4.63 
4.71 

The mean number of other tests that confirmed a test positive result was calculated by means of 

discrete probability distribution analysis and were ranked in ascending order (Table 9). A high mean 
number of other tests in agreement with the index test can be regarded as a proxy for a high positive 
predictive value and can be taken to indicate a relatively higher specificity for the purposes of this 

study. 

Table 10 records the level of agreement with each of the other 5 tests where each test gave a negative 
result. 

Discussion 

Table 10. Level of agreement for each test with all the other tests when 
the index test is negative. 

Positive Tests 
BPAT 
CFT 
FPA 
CEIA 
MSAT 
iEIA 

0 
73.92 
75.96 
76.76 
77.52 
86.65 
90.34 

Percentage of other tests negative 
1 2 3 4 5 

14.05 4.8 2.87 1.57 2.78 
14.2 4.97 3.22 1.23 0.043 

13.97 4.66 2.28 1.21 1.12 
14.63 4.52 2.45 0.89 0 
12.09 1.16 0.05 0.05 0 
7.48 1.14 0.62 0.26 0.16 

Mean 
4.48 
4.59 
4.59 
4.65 
4.85 
4.87 

This study was carried out as a preliminary investigation into the relationship between the various 

serological tests, with a view to conducting a more comprehensive study on the sensitivities, 

specificities and relationships between the six serological tests, at a later date. The pr imary utility of 

this study was in identifying analytical techniques of relevance to future studies. 

T here are recognised limitations in this study, which make it impossible to reach definitive conclusions 

regarding the reliability of the individual tests. These limitations mainly arise from the fact that the 

herds and hence the cattle used in the study were selected from herds that had three o r m ore M SAT 

positive animals that also gave positive results to the CFT. Hence the results for these tests are biased 
in their favour. Furthermore, no comment is made regarding the true sensitivities or specificities of 
the individual tests . Proxies for these values were used and these proxies for infec tion were also biased, 

due to the method of herd selection. Given these lim itations however, the following observations were 

made. 
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The tests fell into two distinct groups, viz. (1) the MSAT and iEIA and (2) the other four tests. 
R esponsiveness to the MSAT and iEIA is closely related. T hese two tests gave the highest percentage 
of positive results, at 29.8% and 26.5% respectively (Table 2). These results were significantly different 
from those for the other four tests. 

Table 3 breaks down the animals that were positive to only one test out of the six by each test. If one 
assumes that only one positive test on a given animal is likely to be a false positive, then for these 
animals the M SAT and iEIA tests yielded 56.3% and 33.0% of the assumed false positives. 

As shown in Table 5, when the MSAT is positive, the iEIA is also positive for the same animal in 
78.19% of cases. T his is the highest level of agreement of any test with the MSAT. The converse is also 
true, i.e. when the iEIA is positive, the MSAT has the highest level of agreement of all other tests with 
this result, at 88.01 %. 

R egarding the level of agreement of the MSAT and iEIA with the other tests when the index test was 
negative (Table 6), both showed a very high level of agreement with the other tests. T he relationship 
between the MSAT and iEIA was further evidenced by a kappa value of 0.761 (Table 7), which 
indicated a strong relationship between the results of these two tests. Since there was an in-built bias 
due to the selection procedure in favo ur of the MSAT, this may not be indicative of such a strong 
agreement in practice. However, the iEIA had the next highest level of agreement with the other tests. 

The performance of the other four tests was in close agreement with each other. On average, 20% of 
the animals were positive to all these tests (Table 2). These tests accounted for a very low proportion 
of the animals that were positive to only one test (Table 3). As shown in Table 7, the results of the CFT 
were in strong agreement with those of the cEIA, FPA and BPAT tests, as indicated by the high kappa 
values of 0.888, 0.833 and 0.834 respectively. 

W hen using the Brucella Infection Proxy (Table 8), the MSAT and iEIA had very high proxy sensitivity 
estimates of 99.9% and 99.58% respectively and relatively low proxy specificity estimates of 93.43% 
and 56.65% respectively. However, as stated above, these figures must be interpreted with caution, due 
to the selection procedure and the relationship displayed between the M SAT and iEIA results. 

R elative estimates of the positive and negative predictive values of the tests are indicated by the results 
shown in Tables 9 and 10. MSAT and iEIA yield mean values of 3.51 and 3.76 respectively (Table 9) . 
These are the two lowest values of all the tests. T hese mean values can be interpreted as follows: when 
the MSAT test yielded a positive result, then on average 3.51 other tests also yielded a positive result 
on the same animal. A similar interpretation also applies in the case of the iEIA. This suggests that each 
of these two tests has a relatively lower positive predictive value, based on the assumption that a greater 
number of tests indicating a positive result implies the presence of Brucella infection in the animal. O n 
the other hand, as shown in Table 10, the MSAT and iEIA have a relatively higher negative predictive 
values on the basis that a greater number of tests indicating a negative result is an indication that the 
animal is Brucella-free. 

The six diagnostic tests studied fall into two groups, viz. (1 ) the MSAT and iEIA and (2) the other 
four tests.These inter-relationships were borne out throughout the analysis. Both the MSAT and iEIA 
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tests appear to generate more false positives than the other tests and hence have relatively lower 

specificities. However, when used for screening purposes, these tests are of benefit, as positive results 

lead to the removal of the majority of infected animals albeit with the consequential higher wastage 
due to the removal of some non-infected animals. 

However no definitive conclusions regarding the sensitivity or specificity of the tests investigated were 

arrived at in this pilot study, for the reasons stated above. A more detailed study will address these issues 

at a later stage. 
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