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The Effect of a Badger Removal Programme on the 
Incidence of Tuberculosis in an Irish Cattle Population 

D. 0 Mairtin1
, D. H. Williams1

, J. M. Griffin, L.A. Dolan and J.A. 

Introduction 
A national programme for the eradication 
of tuberculosis in cattle was initiated by the 
Irish government in 1954. The scheme was 
based on a 'test and slaughter' policy and 
made considerable progress in the initial 
years, resulting in Ireland obtaining 
disease-free attestation status in 1965. 
Rapid progress was made between 1954 
and 1965 when the animal prevalence fell 
from approximately 17% to 0.5% 
(Watchorn, 1965). However, further 
progress proved difficult, an experience 
shared with other developed countries. 

Factors affecting eradication 
The testing regime aims to test the entire 
national herd (of approximately 7 million 
cattle) annually, using the single 
intradermal comparative tuberculin test 
(SICTT). The test result is based on 
comparing the increase in skin thickness 
resulting from the injection of avian 
tuberculin with the increase resulting from 
the injection of bovine tuberculin. Other 
clinical factors are also taken into account 
in classifying an animal as a reactor2

• 

When a reactor is found, it is removed and 
the herd is "restricted" i.e. no buying or 
selling of cattle is permitted, except under 
permit to slaughter. A further test is 
carried out 60 days after removal of 
reactors, and the process is repeated until 
two consecutive tests without reactors have 
been achieved, at which point the herd is 
"de-restricted". The test is repeated again 

1 Dept. of Statistics, U.C.D. Dublin 4, Ireland. 

Eves 

after six months, and if this reveals no 
reactors, the herd is not tested again for 
approximately twelve months and at yearly 
intervals thereafter. 

In interpreting test results over the years, 
Collins (1995) cautioned that ' it is of the 
utmost importance to realise that the 
definition of the terms, "tuberculin test" 
and "tuberculin reactor", have varied over 
time. The frequency of tuberculin testing 
along with the interpretation criteria of test 
results have not been constant throughout 
the scheme' . As a rough guide, the test as 
administered in Ireland has a specificity of 
0.998 - 0.999 and a sensitivity of between 
0.68 and 0.95 (Monaghan et al., 1994). 

The limitations of the tuberculin test play 
an obvious role in assessing the importance 
of the testing regime; even in the absence 
of disease, a test specificity of 0.998, for 
example, would mean that a herd with 50 
cattle would have a probability of 1 -
0.00250 = 0.095 of having at least one 
reactor and consequently being restricted. 
Hence it can be argued that restrictions 
involving two or more standard reactors 
are a more reliable indication of the 
presence of infection with Mycobacterium 
bovis than restrictions involving only a 
single reactor. 

The number of animals in the herd is a 
further important factor associated with the 

1 An animal was a "reactor" to the standard interpretation of the test if the increase in skin thickness at the injection site of the 
bovine tuberculin was 5mm or more greater than the increase at the avian tuberculin injection site . 
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increased risk of herd restriction (Griffin et 
al., 1996). Also, animal-production 
practices in Ireland result in considerable 
movement of cattle. At present, 83% of 
cattle herds in East Offaly contain a beef 
enterprise, and Collins (1995) observes 'on 
average beef animals pass through three or 
more different holdings before they are 
slaughtered at 28 - 30 months'. Finally, 
the presence of M bovis in wild animals 
represents a possible source of infection to 
cattle in the same location. In Ireland, 
badgers (Me/es me/es) and deer (Cervus 
elaphus) are prone to infection. In a 
detailed analysis of epidemiological 
reports on 504 herd outbreaks, Griffin 
(1993) found evidence of badger 
involvement in 14% of cases. 

East Offaly Badger Research Project 
The East Offaly Badger Research Project 
(EOP) began in 1989, since which time 
badgers have been removed from a central 
Project Area and an outer Buffer Zone 
(Dolan et al., 1996). 

A National Badger and Habitat Survey 
was carried out between 1989 and 1993 
(Smal, 1995). The overall results show that 
the midland area of the country, where the 
EOP is located, is a high badger density 
area and, specifically, that badger densities 
in the Project and Control Areas of the 
EOP were similar. Furthermore, the mean 
number of badgers identified in the EOP 
were comparable to the numbers of 
badgers found in the South West (SW) of 
Britain. Cheeseman et al., (1987) reported 
that, in areas of high badger density, there 
was a great stability in main sett use and 
maintenance of territories over time. 

The EOP was carried out as an 
observational study designed to monitor 
and analyse the effect of intensive control 
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of a potentially-infectious badger 
population on the levels of bovine 
tuberculosis in the associated cattle 
populations. This paper analyses the 
incidence of new confirmed tuberculous 
herd restrictions in the Project and Control 
areas of the EOP between the years 1988 
and 1995. 

Analysis of Tuberculin Test Results 
The data consisted of herd-test records for 
the Project and Control Areas of the EOP 
for the period 1988-1995. The following 
information was recorded at each test: date 
of test, number of reactors, number of 
animals tested in the herd and the area in 
which the herd was located (Project or 
Control). Reactors were slaughtered and 
the presence of tuberculous-like lesions at 
post-mortem examination was recorded. 
The size of the herd (HERDSIZE) was 
taken to be the average of the number of 
animals present at whole herd tests during 
the year. The population of herds at risk 
each year consisted of all herds tested that 
year but not restricted at the beginning of 
the year. The numbers of cattle herds at 
risk (stratified by the quartiles of 
HERDSIZE) are presented in Table 1. 

For the purposes of the study, a confirmed 
tuberculous herd restriction was defined as 
the disclosure of at least one tuberculosis
like lesion at the subsequent post-mortem 
examination. 
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Table 1. The numbers of herds at risk each year, the numbers (in parenthesis) and 
percentages of herds with confirmed tuberculous herd restrictions in the 
Project and Control Areas of the East Offaly Badger Research Project, 
Ireland, for the years 1988 - 1995. 

Herd Size 

Year Area < I8 I8-39 40-76 > 76 

88 Project 307 (3) I .00% 259 (3) 1.20% I89 (8) 4.20% 202 (I3) 

Control 938 (10) 1.10% 659 (I3) 2.00% 658 (24) 3.60% 56I (31) 

89 Project 291 (3) 1.00% 257 (5) I.90% 200 (5) 2.50% 208 (11) 

Control 887 (6) 0.70% 656 (13) 2.00% 635 (I6) 2.50% 577 (42) 

90 Project 288 (6) 2.IO% 233 (5) 2.10% 2IO (9) 4.30% 204 (JO) 

Control 826 (8) 0.97% 644 (7) 1.10% 6I4 (2I) 3.40% 576 (25) 

9I Project 222 (1) 0.45% 205 (1) 0.49% I64 (0) •• 0% I79 (9) 

Control 555 (6) 1.10% 492 (12) 2.40% 48I 05r· 3.10% 479 (3 I) 

92 Project 276 (0) 0% 225 cor· 0% I96 (2) I.00% 205 (1) 

Control 717 (5) 7.00% 592 (I I)"" 1.90% 593 (13) 2.20% 548 (13) 

93 Project 256 (0) 0% 236 (O)" 0% 206 (I) 0.49% 219 or· 

Control 758 (3) 0.40% 588 (7)" 1.20% 610 (8) 1.30% 609 (19) .. 

94 Project 229 (0) 0% 215 (0) 0% 199 (1) 0.50% 220 (1) •• 

Control 684 (2) 0.29% 613 (5) 0.82% 604 (10) 1.70% 629 (18) .. 

95 Project 235 (0) 0% 202 (0) 0% 184 (O)" 0% 232 (1 )"" 

Control 634 (2) 0.32% 537 (7) 1.30% 545 (11)" 2.0% 662 08r· 

* (0.05 < p < 0.10) and * * (0.01 < p < 0.05) denote significant differences 
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6.40% 

5.50% 

5.30% 

7.30% 

4.90% 

4.30% 

5.00% 

6.50% 

0.49% 

2.40% 

0.46% 

3.10% 

0.45% 

2.90% 

0.43% 

2.70% 



Statistical analysis 

Preliminary z2 analysis 
A preliminary analysis considered for each 
year the incidence of confirmed 
tuberculous herd restrictions among herds 
that were unrestricted prior to their first 
test that year. These herds were grouped 
according to the quartiles of HERDSIZE 
and the incidence in the Project and 
Control Areas compared using a x2 test, or 
Fisher' s exact , test in the case of an 
expected cell count being less than 5. 

Logistic analysis 
A logistic model was developed to model 
the incidence of a confirmed tuberculous 
restnct10n. In each year a Oil response 
variable was defined for each herd at risk; 
the value was 1 in the case of a confirmed 
tuberculous herd restriction, and 0 
otherwise. 

Initially each year's data were analysed 
separately, with risk factors HERDSIZE 
and AREA. Models with HERDSIZE 
included as a quadratic effect were 
compared with a linear effect of the 
transformed variable log(HERDSIZE), 
using the Akaike Information Criterion 
(Akaike, 1974). Initially the model 
included the interaction between the factor 
AREA and covariate log(HERDSIZE). 
Nested models were compared using 
likelihood-ratio tests, terms being dropped 
from the model if their deletion involved a 
non-significant change in deviance (p > 
0.05). The logistic model was estimated 
using the LOGISTIC procedure from The 
SAS System, Release 6.12 for Windows 
(SAS/STAT User Guide, 1989). The 
goodness-of-fit of the logistic model was 
assessed by means of the Hosmer
Lemeshow statistic (Hosmer and 
Lemeshow, 1989). 

Next a logistic model was developed for 
the complete data-set. The form of 
dependency on AREA and HERDSIZE 
suggested by the year-by-year analyses 
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was assumed but coefficients were allowed 
to vary from year to year. Explicitly, 
factors AREA (with levels Control and 
Project) and YEAR (with levels 88, ... ,95) 
\\ere defined and the model iocluded terms YEAR, 
AREAxYEAR and log(HERDSIZE)xYEAR In 
other words oo main AREA effect is iocluded so 
that AREA is nested within YEAR and 
model parameters provide a comparison of 
the Control and Project areas each year. 
The estimation of this longitudinal model, 
in which observation on the same herd 
from different years were assumed 
correlated, used a generalised estimating 
equation method (Zeger et al. , 1986); the 
estimation used the GENMOD procedure 
from SAS Realise 6.12 (SAS/STAT 
Software: Changes and Enhancements 
through Release 6.12, 1997). 

Results 
Preliminary analysis of confirmed 
tuberculous restriction 
The numbers of herds at risk and numbers 
of confirmed tuberculous restrictions are 
shown in Table 1. There is and increasing 
risk of restriction among larger herds. 
There is also a general trend for risk to 
decrease with time in both areas. 

Throughout 1991-1995 the confirmed 
tuberculous restriction risk was lower in 
the Project Area in all four herd size 
subgroups; in 1991 it was significantly 
lower for herds in the 40-76 category 
(Fisher's Exact Test, p=0.016); in 1992 it 
was significantly lower for herds in 18-39 
category (Fisher's Exact Test, p=0.041), in 
1993 it was significantly lower for herds 
with more than 76 animals (x2=4.84, 
p=0.028), in 1994 it was significantly 
lower for herds with more than 76 animals 
(Fisher's Exact Test, p=0.035) and in 1995 
it was significantly lower for herds with 
more than 76 animals (Fisher's Exact Test, 
p=0.035); near significance was observed 
for herds in the 18-39 category in 1993 
(Fisher's Exact Test, p=0.093) and for 
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herds in the 40-76 category m 1995 
(Fisher's Exact Test, p=0.075). 

Logistic regression analysis of confirmed 
tuberculous restriction 
For each year 1988 to 1995 a logistic 
model related the logit of the probability of 
a confirmed tuberculous restriction to a 
linear function of the logarithm of 
HERDSIZE, with separate slope and 
intercept for the Control and Project Areas. 
For years 1988 to 1994 the 
AREAxlog(HERDSIZE) term was always 
non-significant (the lowest significance 
levels being 0.07 in 1991 and 0.26 in 
1992), so that a common slope for the two 
areas could be assumed. The Hosmer and 
Lemeshow statistic for the resulting model 
indicated no lack of fit (p > 0.25 for all 
these years). With only one confirmed 
tuberculous restriction in the Removal 
Area in 1995 the model failed to converge 
with the interaction term included. 

The next step was to fit a model for all 
years 1988 to 1995 where the intercepts for 
Control and Project Areas and the common 
slope (coefficient of log(HERDSIZE)) 
were free to vary from year to year. This 
model contained factors AREA3 and 
YEAR with log(HERDSIZE) as a 
covariate and included the terms YEAR, 
AREAx YEAR and log(HERDSIZE)x YEAR 
When a log(HERDSIZE) term was also 
included the log(HERDSIZE)x YEAR term 
was not significant (p = 0.32), so the final 
model fitted a common slope for all years. 
This is equivalent to a logistic regression 
on the variables YEAR88, ••• ,YEA~5, (each 
of these being 1 or 0 depending whether 
the data referred to the year in question or 
not), AREAxYEAR88, .•. ,AREAxYEA~5 , 

and log(HERDSIZE). Since this model 

3 Project Area codes as I, Control Area as 0 
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involved the same herds providing a 
response value during more than one year, 
observations on the same herd were 
initially assumed correlated with an AR(l) 
correlation structure. However the 
correlation was not significant when model 
estimation was carried out using a general 
estimating equation method (the AR(l) 
parameter was p = 0.0053), justifying the 
assumption of the final model that repeated 
observations on the same herds were 
independent. 

Table 3 displays the coefficients with 
standard errors for the final logistic 
regression model. Also included are the 
relevant corresponding odds ratios with 
95% confidence limits. From 1990 
onwards there is a decreasing trend in 
estimated risk for herds in either area, in 
that both the YEAR and sum of YEAR 
and AREAxYEAR; coefficients decrease 
with i. The coefficient of log(HERDSIZE) 
is 0.718, with a corresponding estimated 
odds ratio 2.05 per unit increase in 
log(HERDSIZE). The estimated odds ratio 
corresponding to a doubling of herd size 
would be 2°·118 = 1.64. The coefficient of 
AREAxYEAR is negative and differs 
significantly from 0 from 1991 through 
1995, indicating a significantly lower risk 
in the Project Area when compared to the 
Control in each of these years. This is an 
increasing difference between the Project 
and Control areas in that the odds ratio of 
risk in the Project Area relative to the 
Control in year i is the odds ratio 
corresponding to the AREA x YEAR; 
coefficient, and decreases from 1.02 in 
1988 to 0.071 in 1995. A final check 
involved fitting the model after excluding 
the 1995 data. Very little change m 
parameter estimates was observed. 
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Table 2. Estimated coefficients, attained significance levels and standard errors of 
terms in the logistic regression model, and the odds ratio (with 95% 
confidence limits) of the risk of a confirmed tuberculous restriction between 
the Project and Control Areas of the East Offaly Badger Research Project, 
Ireland, for the years 1988 - 1995. 

1 88 89 
YEAR; coefficient -6.21 -6.35 

standard error 0.277 0.287 
AREAx YEAR; coefficient 0.016 -0.121 

standard error 0.228 0.239 
significance (p) 0.943 0.613 

Odds Ratio estimate 1.017 0.886 
lower limit 0.650 0.555 
upper limit 1.590 1.414 

log(HERDSIZE)coefficient 
standard error 

significance (p) 
Odds Ratio estimate 

lower limit 
upper limit 

Discussion and Conclusions 
Because the East Offaly Project was 
designed as an observational study, 
conclusions should be drawn with caution, 
and not generalised without justification. 
The design lacks replication, with only a 
single Control and single Project Area, 
thus limiting the extent to which 
conclusions can be applied to other 
locations. However, in the absence of any 
other explanation, it seems likely that the 
control of a badger population, in which 
there was evidence of M bovis, was 
accompanied by a reduction in the level of 
M bovis infection in the associated cattle 
population. 

In coming to this conclusion we have 
recognised the effect of herd size on the 
results of the bovine tuberculosis testing 
regime. The risk of a confirmed 
tuberculous herd restriction increases with 
herd size. This is as expected since such a 
restriction requires only two reactors (one 
with a confirmed lesion). When herds are 
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90 91 92 93 94 95 
-6.12 -6.98 -8.45 -8.91 -8.87 -9.59 
0.272 0.365 0.613 0.737 0.738 1.022 
-0.342 -0.804 -1.66 - 1.94 - 1.83 -2.65 
0.228 
0.134 
0.710 
0.900 
2.201 

0.331 0.600 0.728 0.729 1.014 
0.015 0.006 0.008 0.012 0.009 
0.447 0.190 0.143 0.161 0.071 
0.234 0.059 0.035 0.039 0.010 
0.855 0.616 0.599 0.670 0.516 

0.718 
0.0482 
0.0001 

2.05 
1.87 
3.78 

grouped into categories on the basis of 
herd size the general pattern in later years 
is of a decrease in risk in both areas. This 
can be explained by the return in both areas 
to more normal levels of reactor and lesion 
disclosure following a period of above 
normal levels, together with an additional 
decrease in the Project Area where badgers 
were removed. These initial indications of 
differences between Project and Control 
areas are confirmed by the logistic 
modelling. In each area the estimated risk 
(for a given herd size) is decreasing over 
the years. The odds ratio comparing the 
risk in the Project Area with that in the 
Control Area shows a decreasing trend 
over the years 1991 to 1995, the 
differences being highly significant. 

That the data indicate a reduction in the 
level of M bovis infected herds in the 
Project Area relative to the Control seems 
reasonable, since a tuberculous lesion is 
involved in the restrictions considered. 
There is no reason to suggest that the 
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differences can be explained by the failure 
to detect such lesions in the Control Area. 

Also it is reasonable to claim that the 
observed differences should be attributed 
to the control of the tuberculous badger 
population in the Project Area. The 
involvement of badgers in cases of M 
bovis in cattle has been reported by Griffin 
et al. (1993) and between 6% and 13% of 
badgers removed in the Project Area in a 
year were found to be tuberculous. The 
incidence of tuberculosis among badgers in 
the Control Area is not available; however, 
there is no reason to believe it to be 
different from the Project Area prior to 
removal. Since badgers can only be 
removed under licence we can be confident 
that there was minimal interference with 
the badger population in the Control Area, 
so that infected badgers continued to 
contribute to the occurrence of M bovis 
among the cattle population in the Control 
Area. 
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