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Eliciting Expert Opinion on the 
Epidemiology of Tuberculosis in Cattle 
and the Sensitivity and Specificity of the 
Tuberculin Test 
J.M. Griffin and D.H. Williams 

Introduction 
A model for the within-herd spread of Mycobacterium bovis in Irish cattle herds is currently being 
developed by the Veterinary Epidemiology and Tuberculosis Investigation Unit (Griffin and Williams, 
2000) . Important components of the model building procedure are the assumptions made in relation 
to the dynamics of the spread of the M. bovis organism in a cattle herd and the values for the various 
parameters used to model the disease transmission component. A review of the literature has shown 
that there is uncertainty surrounding some of these issues. Some laboratory experiments have been 
carried out on the level of transmission for A1.. bovis infected cattle to in-contact animals. However, the 
information in this area and in relation to other aspects of the dynamics of tuberculosis in cattle is very 
limited because of the expense and difficulty of carrying out such experiments and because of ethical 
issues. The relevance of experiments carried out under laboratory conditions to field situations is also 
an issue. 

T he elicitation and modelling of expert opinion in cases such as this are well- recognised tools in the 
field of risk analysis and are used as an aid in decision making. It is a pragmatic way of providing an 
estimate for a parameter where data do not currently exist or where data are not suitable. In order to 
address these issues an expert opinion workshop concerned with "The epidemiology of tuberculosis in 
cattle and the sensitivity and specificity ef the tuberculin test" was held. 

Method used to elicit expert opinion 
A standardised workshop method was used involving fifteen people with expertise in the 
epidemiology of tuberculosis in cattle. Following receipt of their agreement to participate, each expert 
was sent a questionnaire which he/she was asked to complete and return to the workshop organiser. 
The questionnaire related to the epidemiology of tuberculosis in cattle and the sensitivity and 
specificity of the tuberculin test. The answers were analysed and these were presented and discussed at 
a one-day workshop. Following the discussion, each expert had another opportunity to re-evaluate 
his/her answer based on the discussion and was invited to complete the questionnaire again. 

Selection of experts 
Experts were chosen impartially for their knowledge of the epidemiology of tuberculosis and the 
tuberculin test. They were from a variety of disciplines, including epidemiology, pathology and 
management of the eradication programme in Ireland. Fifteen experts completed an initial 
questionnaire, participated in a workshop and filled in a final questionnaire. 
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Results 
Pre-allergic period 
The participants were asked to give the length of the pre-allergic period in terms of the time taken 
for 5% of animals to become responsive to the tuberculin test (5th percentile) 50% of animal to 
become responsive (50th percentile) and 95% of animals to become responsive (9Sth percentile). T heir 
responses are summarised in Tables 1 and 2. The mean value for the 5th percentile value decreased from 
25 in the initial questionnaire to 21 in the final questionnaire. The range of values was slightly shorter 
in the final questionnaire. The mean value for the SOth percentile value decreased from 56 in the initial 
questionnaire to 43 in the final questionnaire. One of the reasons for the difference was an outlier 
value of 180 in the initial questionnaire. The mean value for the 95th percentile value decreased from 
109 in the initial questionnaire to 90 in the final questionnaire. The two participants that gave values 
of 280 in the initial questionnaire reduced their estimates to 90 and 180 days in the final questionnaire. 

Table 1. Length of the pre-al lergic period - initial questionnaire. 

Percentile 
5th 

5oth 

95th 

Individual values (days) 
10, 10, 10, 14, 15, 15, 18,20,20,20,20,28,30,60,90 

21 ,25,30,30,35,39,40,40,40,45,50,60,90, 120, 180 

40,42,55,60,60, 70,75,80,90, 100, 120, 120, 180,270,270 

Table 2. Length of the pre-al lergic period - final questionnaire. 

Percentile 
5th 

5oth 

95th 

Pre-infectious period 

Individual values (days) 
7, 10, 10, 10, 10, 14, 15, 15, 15,20,20,20,20,60,70 

20,25,30,30,30,30,35,35,40,40,40,45,60,60, 120 

40,55,55,60,60,60,70,80,80,90, 100, 120, 120, 180, 180 

Mean 
25 

56 

109 

Mean 
21 

43 

90 

The participants were asked to give an opinion on the length of the pre-infectious period in terms of 
the time taken for 5% of animals to become infectious (Sth percentile), 50% of animal to become 
infectious (50th percentile) and 95% of animals to become infectious (9Sth percentile). Their responses 
are summarised in Tables 3 and 4. In the final questionnaire, the mean values for the 5th, 50th and 95th 

percentile were 108 days, 453 days and 1232 days respectively. The mean for the 95th percentile was 
strongly influenced by one value of 5,000. There was considerable variation between the participants 
in relation to these values, particularly in relation to the SOth and 95th percentile. The variability was 
slightly greater in the :final questionnaire than in the initial questionnaire. 
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Table 3. Length of the pre-infectious period - initial questionnaire. 

Percentile 
5th 

so th 

95th 

Individual values (days) 
30,30,30,50,60,60,60, 75, 120, 120, 150, 180,200,350,365 

120, 130, 180,200,270,365,365,450,600, 700, 700,800,850, 1000 

240,360,365,365,365,500,600, 1000, 1000, 1200, 1500,2000,2000,2000 

Table 4. Length of the pre-infectious period - final questionnaire. 

Percentile 
5th 

so th 

95th 

Individual values (days) 
30,30,50,60,60,60,60, 75,90, 100, 120, 120, 160,200,400 

120, 130, 180, 180,200,365,365,450,500,500,600,600, 700,700, 1200 

360,360,365,365,500,600, 1000, 1000, 1000, 1200, 1500,2000,2000,5000 

Mean 
125 

481 

964 

Mean 
108 

453 

1232 

In the final questionnaire, the participants were asked to estimate the percentage of animals that 
become infectious within six-months of becoming infected, within twelve months of becoming 
infected, within eighteen months of becoming infected and within twenty four months of becoming 
infected. The results are given in Table 5. There was a lot of variation among the participants especially 
for the 24 month period. 

Table 5. Percentage of animals that become infectious within 6 months of becoming infected, within 12 
months of becoming infected, within 18 months of becoming infected and within 24 months of 
becoming infected. 

Number of months Values Mean 
6 1, 1,2,5,5,5,5,5,25,30 9 

12 2,3,3,8, 10,20,20,40,50 17 

18 4,4,6,20,30,30,50,65 26 

24 5,8, 10, 10,30,40,50,70,80, 34 

Level of transmission from an infectious animal to in-contact animals 
The participants were asked to give an estimate of the number of animals that would be infected by 
a single infectious animal in a year if there are 200 susceptible animals in the herd and if the animal is 
infectious for the entire period. The results are presented in Tables 6 and 7. The range of values was 
considerable. In the final questionnaire, the mean value for the minimum number of animals was 6 
compared to 76 animals for the mean value of the maximum.There was considerable variation among 
the participants in relation to each individual parameter. In the final questionnaire, the values for the 
maximum number of in-contact animals that would be infected in a year ranged from 8 to 199. T here 
was slightly less variation among the participants in the final questionnaire than in the initial 
questionnaire. 
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Table 6. Number of in-contact animals infected by one infectious animal in a year in a herd of 200 cattle -
initial questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
0, 1, 1,2,2,5,5,5, 10, 10, 10,20,20,65 

2,3,3,4,5, 10, 10, 15,20,40,50,50,50,80 

10, 10, 10,40,50,80,90, 100, 100, 100, 150, 180, 190,200 

Mean 
11 

24 

94 

Table 7. Number of in-contact animals infected by one infectious animal in a year in a herd of 200 cattle -
final questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
0,2,2,2,2,3,5,5,5,5, 10, 10, 10,20 

2,3,4, 10, 10, 10, 15,20,20,25,40,40,40,50,50 

8, 10, 10,40,40,50,50,80,80, 100, 100, 100, 120, 160, 199 

Mean 
6 

23 

76 

Test sensitivity under the standard interpretation 
T he participants were asked to consider 100 Mycobacterium bovis-infected animals that are selected at 
random from herds that are being tested using the standard interpretation of the tuberculin test under 
normal Irish conditions. They were asked to give an estimate for the maximum and minimum number 
of animals that they believed, on average, would be deemed positive to the test. They were also asked 
to give their best estimate of the number that are most likely to be deemed positive. The results are 
presented in Tables 8 and 9. In the final questionnaire, the average values for the minimum, most likely 
and maximum were 65, 80 and 88 animals respectively. There was little difference in the mean values 
between the initial questionnaire and the final questionnaire. In the final questionnaire, the average for 
the minimum was influenced by a value of 96. 

Table 8. Test sensitivity under the standard interpretation of the tuberculin test - initial questionnaire. 

Min 

Most likely 

Max 

ERADITEAGASC 

Individual values (number of animals) 
50,50,50,60,60,60,62,68, 70, 70, 70,80,80,96 

70,70, 70, 70, 75, 75,75,76, 77,85,85,87 ,95,98 

80,80,80,85,85,85,85,85,90,90,90,95,98, 100 

Mean 
66 

75 

88 
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Table 9. Test sensitivity under the standard interpretation of the tuberculin test - final questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
50,50,50,50,60,60,60,70,70,70,70,70,75,80,96 

70,70,75,75,75,75,76,80,80,80,80,85,85,90,98 

80,80,80,85,85,85,90,90,90,90,90,90,90,95,99 

Test sensitivity under the severe interpretation 

Mean 
65 

80 

88 

The participants were asked to consider 100 Mycobacterium bovis-infected animals that are selected at 
random from herds that are being tested using the severe interpretation of the tuberculin test under 
normal Irish conditions. They were asked to give an estimate for the maximum and minimum number 
of animals that they believe, on average, would be deemed positive to the test. They were also asked 
to give their best estimate of the number that are most likely to be deemed positive. The results are 
presented in Tables 10 and 11. In the final questionnaire, the average values for the minimum, most 
likely and maximum were 79, 89 and 95 animals respectively. There was little difference in the mean 
values between the initial questionnaire and the final questionnaire. In the final questionnaire, the 
average for the minimum was influenced by a value of 55. 

Table 10. Test sensitivity under the severe interpretation of the tuberculin test - initial questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
50, 70, 70, 70, 7 4, 75, 75,80,80,80,80,85,85,95,98 

78,80,80,83,85,85,90,90,90,90,92,92,95,95,99 

87,87,90,90,95,95,95,95,95,96,97,97,99, 100,100 

Table 11. Test sensitivity under the severe interpretation of the tuberculin test - final questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
55, 70, 75, 75, 75,80,80,80,80,80,80,85,85 ,90 ,98 

80,80,83,85,85,90,90,90,90,90,90,95,95,95,99 

87,90,92,93,95,95,95,95,95,95,95,98,98,99,100 

Mean 
78 

88 

95 

Mean 
79 

89 

95 
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Test specificity under the standard interpretation 
The participants were asked to consider 10,000 Mycobacterium bovis-free animals that are selected at 
random from herds that are being tested using the standard interpretation of the tuberculin test under 
normal Irish conditions. They were asked to give an estimate for the maximum and minimum number 
of animals that they believe would be deemed positive to the test. They were also asked to give their 
best estimate of the number that are most likely to be deemed positive. The results are presented in 
Tables 12 and 13. In the final questionnaire, the average values for the minimum, most likely and 
maximum were 6, 11 and 27 animals respectively. There was a considerable difference in the mean 
values between the initial questionnaire and the final questionnaire. The mean values in the initial 
questionnaire were considerably influenced by a participant who recorded values of 500, 800 and 1500 
for the minimum, most likely and maximum values respectively. In the final questionnaire, there was 
considerably less variation between participants. 

Table 12. Test specificity under the standard interpretation of the tuberculin test - initial questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
1, 1, 1,2,3,3,5,5,5,5, 10, 15,25, 100,500 

1,3,5,5, 7'7,8,10, 10, 10,30,30,50, 150,800 

5,8, 10, 10, 10, 10, 10, 15,20,30,50, 100, 100,300, 1500 

Median 
5 

10 

15 

Table 13. Test specificity under the standard interpretation of the tuberculin test - final questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
1, 1, 1,2,2,3,5,5,5,5,5,5, 10, 10,30 

1,3,5,5,7,8,8, 10, 10, 10, 10, 10, 10, 15,60 

8, 10, 10, 10, 10, 10, 15, 15,20,30,30,40,40,50, 100 

Median 
5 

10 

15 

Test specificity under the severe interpretation 
The participants were asked to consider 10,000 tuberculosis-free animals that are selected at random 
from herds that are being tested using the severe interpretation of the tuberculin test under normal 
Irish conditions. They were asked to give an estimate for the maximum and minimum number of 
animals that they believe would be deemed positive to the test. They were also asked to give their best 
estimate of the number that are likely to be deemed positive. The results are presented in Tables 14 and 
15. In the final questionnaire, the average values for the minimum, most likely and maximum were 23, 
43 and 83 animals respectively. The mean values in the final questionnaire were considerably lower 
than in the initial questionnaire. The mean values in the initial questionnaire were considerably 
influenced by a participant who recorded values of 200, 500 and 1000 for the minimum, most likely 
and maximum values respectively. In the final questionnaire, there was considerably less variation 
between participants. 
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Table 14. Test specificity under the severe interpretation of the tuberculin test - initial questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
1,5,5,7, 10, 10, 17,20,25,50,60, 100,100,200 

3, 10, 10, 12, 15,20,32,50,50,80, 100, 150,200,500 

7' 15, 18,20,25,50,52, 100, 100,200,250,350,400, 1000 

Table 15. Test specificity under the severe interpretation of the tuberculin test - final questionnaire. 

Min 

Most likely 

Max 

Individual values (number of animals) 
2,2,5,8,8, 10, 10, 10, 15,20,50,50,50,50,60 

4,5, 12, 12, 15,20,20,25,30,40,75,80, 100,100, 100 

20,20,20,20,30,50,50,50,70, 100, 100, 120,200,200,200 

Sensitivity of the post-mortem examination of reactor animals 

Median 
18.5 

41 

76 

Median 
10 

25 

50 

The participants were asked to consider Mycobacterium bovis-infected tuberculin reactor animals that 
are selected at random from tuberculin reactor animals that are being examined post-t mortem under 
normal abattoir conditions. They were asked to g ive an estimate for the m aximum and minimum 
number of animals out of 100 that they believed would be deem ed positive for tuberculosis at the post
mortem examination. They were also asked to give their best estimate of the number that are most likely 
to be deemed positive. T he results are presented in Tables 16 and 17. In the final questionnaire, the 
average values for the minimum, most likely and maximum were 27, 41 and 59 animals respectively. 
T he mean values in the final questionnaire were similar to those in the initial questionnaire. However, 
in the final questionnaire, there was less variation between participants. 

Table 16. Sensitivity of the post-mortem examination for reactor animals - initial questionnaire. 

Individual values (number of animals) 
Min 0, 15,20,20,20,20,20,25,25,30,30,30,35,40,50 

Most likely 30,33,35,35,35,35,40,40,40,40,40,40,50,50,60 

Max 45,50,50,50,50,50,55,60,60,66, 70, 70, 70, 70,80 

Table 17. Sensitivity of the post-mortem examination for reactor animals - final questionnaire. 

Individual values (number of animals) 
Min 15, 20 ,20 ,20 ,20 ,20 ,25 ,30 ,30 ,30 ,30 ,30 ,33 ,35' 50 

Most likely 33,35,35,35,40,40,40,40,40,40,40,40,45,50,60, 

Max 45,50,50,50,50,50,50,60,65,65,70,70,70,70,70 

Mean 
25 

40 

60 

Mean 
27 

41 

59 
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Sensitivity of the post-mortem examination of non-reactor animals 
The participants were asked to consider Mycobacterium bovis-infected non-reactor animals that are 
selected at random from animals that are being examined at post-mortem under normal abattoir 
conditions. They were asked to give an estimate for the maximum and minimum number of animals 
out of 100 that you believed would be deemed positive for tuberculosis at the post-mortem examination 
They were also asked to give their best estimate of the number that are most likely to be deemed 
positive. The results are presented in Tables 18 and 19. In the final questionnaire, the average values for 
the minimum, most likely and maximum were 21, 31 and 4 7 animals respectively. The mean values in 
the final questionnaire were lower than those in the initial questionnaire. There was considerable 
variation among the participants in relation to each parameter in both the initial and final 
questionnaire. 

Table 18. Sensitivity of the post-mortem examination for non-reactor animals - initial questionnaire. 

Individual values (number of animals) 
Min 0, 10, 10, 10, 10, 15,20,20,30,30,30,30,30,50,50 

Most likely 15,20,20,30,30,30,35,35,35,40,40,40,50,65, 70 

Max 20,30,35,40,45,45,50,50,55,63, 70, 70, 70,80,90 

Table 19. Sensitivity of the post-mortem examination for non-reactor animals - final questionnaire. 

Individual values (number of animals) 
Min 2,8, 10, 10, 15, 18, 18,20,20,25,28,30,30,30,50 

Most likely 5,20,20,20,30,30,30,30,30,35,35,35,40,40,60 

Max 20,25,30,35,40,40,45,45,50,50,55,60,65,70,70 

Discussion 

Mean 
23 

37 

54 

Mean 
21 

31 

47 

The views expressed displayed a divergence of opinion regarding each of the issues raised. This 
reflected the experience of the experts who took part in the workshop and their understanding and 
interpretation of scientific publications on the subject both at home and abroad. Following detailed 
analysis of these findings modifications will be made to the m odel now under construction, with a 
view to improving its reliability in the context of the national bovine tuberculosis eradication 

programme. 
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