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Multiple Standard Reactors During a Bovine 
Tuberculosis Episode as a Predictor of Future Herd 

Breakdowns in Ireland 

F. J. Olea-Popelka1
, P. W. White, J.D. Collins, 

J. J. O'Keeffe and S.W. Martin1 

Introduction 
This study focuses on a retrospective cohort study of bovine tuberculosis (BTB) at the 
herd level. The main objective was to compare the hazard ratios (i.e. incidence rate 
ratios) for becoming re-infected with BTB between herds with "multiple standard 
reactors" during the BTB episode that began in 1995, and free (clear) herds. All herds 
were followed to the end of year 2000. The major outcome was the rate of a new bovine 
tuberculosis breakdown (i.e. the detection of 1 or more reactors in the herd) after a herd 
was deemed "clear" of the disease. Potential confounders were also included. 

Materials and Methods 
Data were organised on 2876 herds that had a new BTB breakdown with "multiple 
standard reactors" in 1995 ("exposed" herds) and 10,926 herds (approximately 10% of 
the entire Irish cattle population) that were randomly selected from herds that were free 
of BTB during 1995 ("non-exposed" herds). SAS V 6.12 (Statistical Analytical System 
Institute Inc., Cary, NC), and STATA (Stata Statistical Software: Release 7.0. College 
Station, TX) were used for data manipulation, descriptive and the survival analysis. 

Exclusion Criteria 
All herds selected as exposed or unexposed herds with evidence of tuberculosis prior to 
1995 were excluded. This included "exposed" herds that were identified on a "reactor re
test" before April 1995 and "exposed" herds detected before August 1995, as a result of a 
"six month check test". Herds that either never became "clear" of BTB, or were never 
tested subsequently also were deleted. 

Exposure Categories (Risk Factors) 
The herds that were free of BTB during 1995 were our reference group, while those herds 
that had a new "multiple standard reactor" ("exposed" herds) BTB were categorized in 3 
different levels of severity; namely, 2-3 standard reactors, 4-8 standard reactors and more 
than 8 standard reactors during the BTB episode in 1995. 

Confounders 
The following factors based on 1995 data were included as potential confounders 

• Herd size (the total number of cattle in the herd): 

• Number of cows in the herd 
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• Prevalence of herd restriction in the herd's District Electoral Division (DED) 

• BTB occurrence in the 5 years before 1995 (treated as yes or no) 

• Number of cattle with confirmed tuberculous lesions 

Outcome for Survival Analysis 
The hazard for "exposed" herds was contrasted to the hazard in the non-exposed group 
using a proportional hazards model (Proc PHREG in SAS). Life tables were created to 
display the crude survival risks for the four groups. "Exposed" herds were deemed to be 
free (clear) of BTB after they passed a "6 month check test" (essentially 3 negative herd 
tests at this point). For a non-exposed herd the first clear test in 1995 was used as the date 
of being free of BTB. As a censoring point we selected the last herd test date in the study 
period for those herds that did not become "restricted". The herd test date at which a herd 
became "restricted" after the 1995 episode was used as the failure time. 

Results 

Descriptive results 
Regarding the characteristics of the 1995 "exposed" and non-exposed herds (Table 1 ), the 
"non-exposed" group had had fewer herds with a previous history of tuberculosis, had 
fewer cattle, fewer cows and the prevalence of herd restriction in the same District 
Electoral Division (DED) was lower than in any level of the "exposed" herds. In addition, 
breakdown severity increased directly with the number of animals in a herd and to a 

Table 1. Herd characteristics during the 1995 episode and history of BTB prior and 
post 1995 episode. 

BTB BTB 
Exposure No.of History 1 Herdsize Mean No. Prevalence 
Category Herds No./% Mean Std.D. Cows/herd/DED2 in DED2 

No 
reactors 10705 1816 (17.0) 45 50.3 14.9 5.0% 
2-3 Std 
reactors 1463 509 (34.8) 84 77.3 26.6 12.0% 
4-8 Std 
reactors 910 316 (34.7) 88.3 69.2 28.2 13.4% 
>8 Std 

reactors 503 183 {36.4} 119.4 97.6 40.7 14.3% 
Total 
herds 13581 

1 BTB History = Previous herd BTB breakdown (percentage in each category) 
2 DED = District Electoral Division 

Risk 
of 
Future 
BTB 

18.l 

32.3 

36.4 

38.6 
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lesser extent with the number of cows in the herd. The prevalence of herd restrictions in 
the same District Electoral division (DED) increased with the severity of exposure. 

The risk of a future BTB breakdown was higher for "exposed" herds (I12 = 364.2, (df 
= l), p<0.0001; odds ratio = 2.39) (see Table 1) and increased as the severity level 
increased. A total of 2269 "exposed" herds (78.9%) had animals with tuberculosis 
lesions confirmed on slaughter during 1995 episode, and these herds had a greater crude 
risk of having a future BTB breakdown (I12=5.77, (df=l), p=0.016). 

Survival analysis results 
The survival curve for each breakdown severity level was compared to the "non
exposed" group as shown in Figure 1. The rate of failure was higher in the "exposed" 
herds compared to the "non-exposed" herds. When the additional covariates were added 
to the model the hazard ratio for each severity level decreased but remained statistically 

Figure 1. Overall survival curves (no BTB breakdown) by exposure severity during 
the 1995 episode. 
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significant (Table 2). Compared to the non-exposed herds any of the "exposed" herds had 

Table 2. Hazard ratios from univariable and multivariable proportional hazards 
analysis, of rate of future breakdown, Ireland 1996 - 2000. 

Uni variable 
anal sis 

Breakdown All 
Severity 1995 breakdowns 
Controls 1995 1.00 
{referent} 
2-3 Std reactors 2.90 
4-8 Std reactors 3.52 

> 8 Std reactors 4.27 

Covariates a 

Herd size 
(Herd size )2 
No. cows 
(No. cows)2 

DED Prevalence 
(DED Prevalence)2 

Previous history 

a Hazard ratio after 1 year at risk 
b Hazard ratio after 3 years at risk 

Multivariable analysis 

All Singleton >= 2 Std 
breakdowns breakdown reactors 

1.00 1.00 1.00 

1.76 1.71 1.88 
2.24a 1.81 b 1.81 2.463 

1.93b 
2.55a l.60b 1.48 3.oo· 

1.76b 

Hazard Ratio Hazard Ratio Hazard 
Ratio 

1.09 1.09 1.11 
0.99 0.99 0.99 
1.00* 0.93 1.04* 
1.00* 1.00 0.99* 
1.05 1.04 1.07 
0.99 0.99 0.99 
1.26 1.28 1.27 

Note: All the coefficients had a p-value < 0.03, except for* p-value > 0.1 

a higher hazard ratio for any breakdown (or only a singleton or a future multiple 
breakdown) in the future. The hazard ratio increased with breakdown severity except for 
herds with more than 8 standard reactors in predicting future singleton breakdowns. 
Herds with a previous history of BTB, larger herds and herds located where the 
prevalence of herd restriction during 1995 was higher had an increased the hazard ratio. 
Time varying covariates were significant for the models with 4-8 and >8 standard 
reactors in the 1995 episode and indicated that their rates of future breakdown were 
initially high but declined somewhat over time (Table 2). 

Discussion 
The major aim of this study was to assess the role of "severity" of tuberculosis 
breakdown as a predictor of a future tuberculosis breakdown after controlling for the 
effects of presumed confounders. The difference in prevalence of BTB across District 
Veterinary Offices DVO's was an important predictor; however, for our purposes, we 
included DVO as an indicator variable only to prevent confounding by DVO and the 
results are not shown. We are confident that the herd data are representative of the 
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national situation as all "multiple standard reactor" BTB breakdowns occurring in 1995 
were included and the "non-exposed" herds were obtained using the "check-digit" 
assigned to a 10% random sample of all clear herds, annually. The number of "standard 
reactors" to the SICTT was used to classify BTB breakdown severity as O'Keeffe (1992) 
recommended. 

Descriptive analysis 
The prevalence of herd restriction in the local DED was lower in the "non-exposed" 
herds in year 1995 than in any of the categories for "exposed" herds. The prevalence in 
the local DED increased as the severity of the 1995 BTB breakdown increased (Table 1). 
This means that in areas where the herd prevalence of BTB is lower, the higher the 
probability of finding clear herds. Hammond et al., 1999 concluded that: "by identifying 
and delineating those areas of the country in which Mycobacterium bovis has been and 
continues to be a constant hazard, acceleration of the eradication programme can be 
achieved". 

In our study, a high percentage (78.9%) of all case herds had at least one animal that 
disclosed with tuberculous lesions at slaughter. We assumed that the presence of a lesion 
indicated some chronicity of BTB in the herd, and when we compared "exposed" herds 
with lesions against those without lesions (but not controlling for other variables) there 
was a significant difference in the risk of future BTB breakdown. Martin et al., 2001 
considered that the risk of an animal of having a lesion disclosed varied with the 
slaughterhouse (factory) at which the animals were processed and post-mortem 
examination done. Meanwhile, Comer et al. (1994), concluded that the standard post
mortem examination of animals has a low sensitivity (47%) in detecting tuberculosis 
lesions. 

Survival analysis 
The proportional hazard model assumes that the herd hazard of a BTB breakdown at any 
time for each of the "exposed" severity levels is proportional to the hazard for a herd in 
the baseline group ("non-exposed" herds) (i.e. that the ratio reflecting the difference in 
risk between categories is constant). 

The use of survival methods adjusts for the time at risk before determining the rate (i.e. 
hazard) of BTB breakdowns in each exposure category. A hazard ratio > 1 suggests a 
shorter time to a BTB breakdown for herds in that exposure category. In our univariable 
survival model, each severity level in the "exposed" herds in the year 1995 episode was a 
significant predictor of the rate of future breakdowns. When we incorporated other 
covariates into the survival model, the effects of the breakdown severity lessened but 
remained significant (Table 2). 

At any given time between the herds becoming de-restricted until the end of the study 
period (31 December 2000), the hazard ratio for herds with 2-3 standard reactors was 
1.76. This means that these herds had a 76% increased probability over that of the non
exposed herds of undergoing a new BTB breakdown, after controlling for the other 
covariates in the model. This also indicates that the time that it takes for a herd to become 
infected again after being deemed "clear" is less for the 2-3 standard reactors than the 

ERADITEAGASC 36 Veterinary Epidemiology & Tuberculosis Investigation Unit, UCO 



clear herds. The hazard ratio for the two groups, that we denoted as having "severe" 
breakdowns during the 1995 episode ( 4-8 standard rectors and more than 8 standard 
reactors) varied with time as can be seen in Table 2. After one year at risk, these two 
categories had a hazard ratio of 2.24 and 2.55 for 4-8 standard reactors and more than 8 
standard reactor categories respectively. After 3 years at risk, those hazard ratios declined 
to 1.81 and 1.60 for the same two categories. 

Each of the following factors was associated with a herd having a multiple standard 
reactor breakdown in 1995: prior history of BTB, large herd size and level of BTB 
restriction in the area (DED). These factors were also predictive of future herd 
breakdowns. This confirms that these are significant risk factors for the occurrence of 
bovine tuberculosis. 

A high percentage (78.9%) of all "exposed" herds had at least one animal that disclosed 
with tuberculous lesions at slaughter. We were expecting that animals with lesions were 
going to be an important predictor; however, the disclosure of tuberculous lesions at 
slaughter was not an important predictor of future tuberculosis breakdowns when 
controlling for other variables in our survival analysis. This lack of effect could be a 
reflection of the large variability in lesion detection rates that has been described in 
different factories in Ireland as well as the overall low sensitivity of the post-mortem 
examination. 

In a similar manner, Martin et al. ( 1999) reported, at the animal level, an elevated risk of 
a cow becoming a "standard reactor" relative to other classes of cattle. Thus we included 
this factor in our models, expecting that number of cows was going to be a significant 
predictor at the herd level. However, it appears that herd size had a stronger effect on 
future breakdown rate than number of cows. 

Conclusion 
Herds with a multiple standard reactor breakdown had .a higher rate of becoming re
infected with BTB than "non-exposed" (i.e. clear) herds. This information together with 
knowledge of other risk factors, including herd size, prevalence of BTB in the area and 
history of prior BTB in the herd, can be useful in predicting the occurrence of future BTB 
breakdowns. 
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