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Supplementary Information

The prevalence, distribution and severity of pathological lesions in badgers naturally infected with Mycobacterium bovis 

1. Culture positive badgers

1.1 Case definition

In the main text of this paper, we presented information on the prevalence, distribution and severity of pathological lesions in badgers infected with M. bovis.  We analysed tuberculous badgers and our case definition was:

“Badgers were considered tuberculous if M. bovis was isolated from any sample by bacteriological culture, or if they had lesions with histology characteristic of tuberculosis containing acid-fast bacteria detected by Ziehl Neelsen staining.”
Badgers which are culture positive (i.e. M. bovis was isolated from any sample by bacteriological culture) are definitely infected with M. bovis. However, some of those which have lesions with histology characteristic of tuberculosis containing acid-fast bacteria detected by Ziehl Neelsen staining may not actually be infected with M. bovis and as such should not form part of our analysis. Here we present equivalent results to those in the main text, focusing on the culture positive animals only and using a case definition as follows:

“Badgers were considered tuberculous if M. bovis was isolated from any sample by bacteriological culture.”
Similarly, the definition of a lesion here is:
“A lesion was considered tuberculous if M. bovis was isolated from it.”
1.2 Results
Prevalence of infection and prevalence of visible lesions in tuberculous badgers

Of the 6432 adult badgers that were necropsied, 955 were found to be tuberculous (i.e. were culture positive) giving a prevalence of 14.8%. Three hundred and forty seven (36.3%) of these had visible tuberculous lesions, representing 5.4% of the sample examined. A total of 138 cubs, 8.5% of the 1620 examined, were tuberculous and the proportion of these that had visible lesions was 53.6%. As in the main text, the prevalence of infection was significantly higher in adults than in cubs and the percentage of tuberculous animals with visible lesions was significantly higher in cubs than in adults.

Distribution of lesions in tuberculous badgers

Summaries of the frequency and severity of lesions in different sites and body compartments are provided in tables S2 and S3. The distribution of lesions around the body (in tuberculous animals) was very similar to results shown in the main text. In lesioned, tuberculous adult badgers, 81% had lesions in one or more of the head, lungs and chest compartments; 51% had lesions in the lungs and/or chest and 17% in the head only.
Among tuberculous adult badgers, there were still highly significant positive associations between lesion presence in the chest and head (unadjusted odds ratio = 3.73; 95% confidence interval: 2.40, 5.79) and between chest and lungs (unadjusted odds ratio = 6.20; 95% confidence interval: 4.07, 9.46). As in the results in the main text, the association between lesion occurrences in the lungs and head was considerably weaker although still significant (unadjusted odds ratio = 1.85; 95% confidence interval: 1.07, 3.18). 

Of tuberculous cubs with visible lesions, most were likely to have lesions in the chest area (nearly 80%), followed by lesions in the lungs (45%). As in the main text, these proportions were significantly higher than in the same body compartments in adults. Proportions in the head, abdominal compartments and peripheral lymph nodes of cubs were all lower than in adults – 23%, 14% (significantly different) and 24% respectively.
Severity of pathology 

The lesion scores for different sites and body compartments of tuberculous adult badgers are summarized in Table S2. As in the main text, sites with lesion scores of 3 or 4, indicating the presence of multiple lesions, were found in all body compartments but the highest frequencies of such lesions were detected in the lungs and the bronchial, mediastinal and retropharyngeal lymph nodes. Only 27 animals (8% of the lesioned tuberculous badgers) had a lung lesion score of 4, which is indicative of advanced disease, and only 52 (15.0%) had lung lesion scores of 3 or 4. These percentages are almost identical to those in the main text.
The distribution of the severity index is shown in table S4. The majority of tuberculous badgers had a low index; 60% had an index of 4 or lower and only 11% had a score of 16 or more, ranging up to the highest of 91. Twenty badgers (5.8% of lesioned tuberculous badgers) had extensively disseminated disease with 4 or 5 different body compartments containing at least one site with a lesion score of 4. Therefore, when looking at culture positive badgers only, just a small minority of tuberculous animals had extensive and severe pathological lesions. Figure S2 shows how the severity index varied over time. While there is an increasing trend in the index over time, data were inadequate to draw any robust conclusions as to the reasons for this trend.
Prevalence of infection and distribution of lesions in animals with and without bite wounds 

In adult badgers for which the presence or absence of bite wounds was recorded, bite wounds were found in 272 (5.3%) of badgers. Of the 4845 adult badgers without a bite wound, 766 (15.8%) were found to be tuberculous compared to 115 (42.3%) of the 272 badgers with a bite wound. The unadjusted odds ratio (3.90; 95% confidence interval: 3.03. 5.02) showed that badgers with a bite wound were nearly four times more likely to be culture positive for M. bovis. When adding a binary variable indicating presence or absence of bite wounds at necropsy to a model which has been shown to predict prevalence of infection in the same data (woodroffe at al), a strong association was still observed. Tuberculous badgers were just over four times more likely to have a bite wound at necropsy than non-tuberculous badgers (odds ratio=4.20; 95% confidence interval: 3.21, 5.50), after adjusting for other known risk factors (p<0.0001). These figures agree with those seen in the main text.
Of cubs with data on bite wounds, 18 (1.3%) had a bite wound at necropsy. Bite wounds in cubs were similarly positively associated with a detectable infection: unadjusted odds ratio=5.12 (95% confidence interval: 1.89, 13.89). More detailed analyses on bite wounded cubs were not possible due to small numbers. 

The proportion of tuberculous adult badgers with detectable lesions also differed when split into badgers with bite wounds (52.2% had lesions) and those without (35.0% had lesions). Similarly, the proportion of tuberculous badgers with lesions in multiple body compartments was consistently higher among badgers with bite wounds – 28% of bite wounded, tuberculous badgers had lesions in more than 1 body compartment as compared to 13% of tuberculous badgers with no bite wound (see tables S1 and S5). These figures are similar to those seen in the main text.
The locations where lesions were predominantly found in tuberculous adult badgers differed between animals that had bite wounds and those that did not. Lesioned tuberculous badgers with no bite wound had a higher prevalence of lesions in the lungs and chest compared with badgers with a bite wound (lungs: 32% compared with 28%; chest: 52% compared to 35%). Conversely, lesioned tuberculous badgers with bite wounds had a higher prevalence of lesions in the head, abdomen and peripheral lymph nodes (42% versus 28%, 45% versus 24% and 53% versus 21%, respectively (see figure S1b)). This difference between bite wounded and non-bite wounded badgers in distribution of lesions around the body is the same as seen in results in the main text.

Table S1: Distribution of tuberculous badgers by sex, year and the occurrence of badgers showing various degrees of pathology.  Badgers are grouped by age (adults or cubs) and by the presence of bite wounds (adults only)
	
	
	Adult badgers
	Badger cubs

	
	
	Non bite wounded badgers (N=766),

n (%)
	Bite wounded badgers (N=115),

 n (%)
	Data unavailable on bite wounding*** (N=74), n (%)
	All (N=955),

 n (%)
	All (N=138),

 n (%)

	Sex
	Male
	354 (46.2%)
	76 (66.1%)
	45 (60.8%)
	475 (49.7%)
	65 (47.1%)

	
	Female
	412 (53.8%)
	39 (33.9%)
	29 (39.2%)
	480 (50.3%)
	73 (52.9%)

	Year*
	1998
	8 (1.0%)
	1 (0.9%)
	0 (0.0%)
	9 (0.9%)
	0 (0.0%)

	
	2000
	1 (0.1%)
	1 (0.9%)
	74 (100.0%)
	76 (8.0%)
	9 (6.5%)

	
	2002
	302 (39.4%)
	31 (27.0%)
	0 (0.0%)
	333 (34.9%)
	48 (34.8%)

	
	2003
	157 (20.5%)
	21 (18.3%)
	0 (0.0%)
	178 (18.6%)
	40 (29.0%)

	
	2004
	163 (21.3%)
	27 (23.5%)
	0 (0.0%)
	190 (19.9%)
	22 (15.9%)

	
	2005
	135 (17.6%)
	34 (29.6%)
	0 (0.0%)
	169 (17.7%)
	19 (13.8%)

	Lesion status
	Positive
	268 (35.0%)
	60 (52.2%)
	19 (25.7%)
	347 (36.3%)
	74 (53.6%)

	More than 1 body compartment lesioned
	102 (13.3%)
	32 (27.9%)
	4 (5.4%)
	138 (14.5%)
	38 (27.5%)

	Severely lesioned**
	75 (9.8%)
	20 (17.4%)
	3 (4.1%)
	98 (10.3%)
	31 (22.5%)


*All badgers culled in 1999 were stored for more than 7 days and therefore excluded. No badgers were culled in 2001 as the RBCT was suspended during the foot and mouth epidemic. Year refers to a badger year 1st February to 31st January.
**Severely lesioned has been defined as having an index value of greater than or equal to 8. Values higher than 7.9 make up the top 25% of indices.

***Bite wound data were not available for the majority of badgers in 2000.
Table S2. Proportion of tuberculous adult badgers with lesions and severity scores of lesions in different sites and body compartments

	
	
	Number of badgers with a maximum lesion score of 1,2,3 or 4 (proportion of all badgers with a lesion at this site)
	Number of badgers with a lesion at this site (proportion of all tuberculous lesioned badgers, N=347)

	Body compartment
	Site
	1
	2
	3
	4
	

	Head
	Retropharyngeal LN*
	29 (32%)
	14 (15%)
	18 (20%)
	31 (34%)
	92 (26.5%)

	
	Submaxillary LN
	17 (47%)
	6 (17%)
	8 (22%)
	5 (14%)
	36 (10.4%)

	Any head
	
	33 (32%)
	17 (17%)
	20 (19%)
	33 (32%)
	103 (29.7%)

	
	
	
	
	
	
	

	Lungs
	Lungs
	31 (28%)
	29 (26%)
	25 (22%)
	27 (24%)
	112 (32.3%)

	
	
	
	
	
	
	

	Chest
	Bronchial LN
	32 (25%)
	27 (21%)
	30 (24%)
	38 (30%)
	127 (36.6%)

	
	Mediastinal LN
	20 (22%)
	22 (24%)
	25 (27%)
	24 (26%)
	91 (26.2%)

	
	Pericardium
	0 (0%)
	1 (7%)
	4 (29%)
	9 (64%)
	14 (4.0%)

	Any chest
	
	28 (%)
	38 (%)
	46 (%)
	52 (%)
	164 (47.3%)

	
	
	
	
	
	
	

	Abdominal
	Gastric LN
	7 (88%)
	1 (12%)
	0 (0%)
	0 (0%)
	8 (2.3%)

	
	Hepatic LN
	11 (55%)
	3 (15%)
	3 (15%)
	3 (15%)
	20 (5.8%)

	
	External Iliac LN
	4 (40%)
	2 (20%)
	1 (10%)
	3 (30%)
	10 (2.9%)

	
	Internal Iliac LN
	3 (30%)
	1 (10%)
	2 (20%)
	4 (40%)
	10 (2.9%)

	
	Mesenteric LN
	3 (38%)
	2 (25%)
	1 (13%)
	2 (25%)
	8 (2.3%)

	
	Renal LN
	6 (86%)
	0 (0%)
	0 (0%)
	1 (14%)
	7 (2.0%)

	
	Kidney
	12 (26%)
	8 (17%)
	13 (28%)
	14 (30%)
	47 (13.5%)

	
	Liver
	4 (18%)
	2 (9%)
	10 (45%)
	6 (27%)
	22 (6.3%)

	Any abdominal
	26 (28%)
	15 (16%)
	26 (28%)
	25 (27%)
	92 (26.5%)

	
	
	
	
	
	
	

	Peripheral
	Axillary LN
	21 (70%)
	1 (3%)
	5 (17%)
	3 (10%)
	30 (8.6%)

	
	Inguinal LN
	6 (32%)
	2 (11%)
	4 (21%)
	7 (37%)
	19 (5.5%)

	
	Popliteal LN
	9 (35%)
	3 (12%)
	4 (15%)
	10 (38%)
	26 (7.5%)

	
	Prescapulary LN
	32 (56%)
	8 (14%)
	7 (12%)
	10 (18%)
	57 (16.4%)

	Any peripheral
	42 (47%)
	12 (13%)
	13 (14%)
	23 (26%)
	90 (25.9%)

	
	
	
	
	
	
	

	Any site lesioned
	
	67 (19%)
	76 (22%)
	84 (24%)
	120 (35%)
	347


*LN=Lymph. node

Table S3. Involvement of the head, lungs and chest in lesioned, tuberculous adult badgers

	Body compartment
	Non bite wounded (N=268)
	Bite wounded 
(N=60)
	Data unavailable on bite wounding* (N=19)
	All 
(N=347)

	
	N (%)
	N (%)
	N (%)
	N (%)

	No head, lungs or chest involvement (i.e. only abdomen and/or peripheral lymph node)
	44 (16.4%)

	17 (28.3%)

	5 (26.3%)

	66 (19.0%)


	Head only
	43 (16.0%)
	15 (25.0%)
	1 (5.3%)
	59 (17.0%)

	Lungs only
	41 (15.3%)
	6 (10.0%)
	7 (36.8%)
	54 (15.6%)

	Chest only
	75 (28.0%)
	7 (11.7%)
	3 (15.8%)
	85 (24.5%)

	Head and lungs only
	1 (0.4%)
	1 (1.7%)
	2 (10.5%)
	4 (1.2%)

	Head and chest only
	21 (7.8%)
	4 (6.7%)
	0 (0.0%)
	25 (7.2%)

	Lungs and chest only
	33 (12.3%)
	5 (8.3%)
	1 (5.3%)
	39 (11.2%)

	All three
	10 (3.7%)
	5 (8.3%)
	0 (0.0%)
	15 (4.3%)

	Any type of involvement of head, lungs or chest
	224 (83.6%)

	43 (71.7%)

	14 (73.7%)

	281 (81.0%)



*Bite wound data were not available for the majority of badgers in 2000.
Table S4. Distribution of the lesion indices, showing how individual factors of the index are represented through the distribution (only lesioned, tuberculous adult badgers included)

	Index range
	> 1.0
	> 2.0
	> 4.0
	> 8.0
	> 16.0
	> 32.0
	All 
(1.0-90.8)

	# badgers (% of lesioned tuberculous badgers, N=393)
	301 (87%)
	249 (72%)
	140 (40%)
	85 (24%)
	26 (7.5%)
	11 (3.2%)
	347 (100%)

	At least one site with score 4, n (% of badgers in the first row of this table)
	120 (40%)
	120 (48%)
	77 (55%)
	53 (62%)
	18 (69%)
	10 (91%)
	120 (35%)

	At least one site with score 3 or 4, n (% of badgers in the first row of this table)
	204 (68%)
	204 (82%)
	107 (76%)
	71 (84%)
	23 (88%)
	10 (91%)
	204 (59%)

	4 or 5 body compartments affected, n (% of badgers in the first row of this table)
	20 (6.6%)
	20 (8.0%)
	20 (14%)
	20 (24%)
	14 (54%)
	9 (82%)
	20 (5.8%)

	Average 2 or more lesioned sites per affected body compartment, n (% of badgers in the first row of this table)
	50 (17%)
	50 (20%)
	48 (34%)
	42 (49%)
	18 (69%)
	10 (91%)
	50 (14%)


Table S5. Number of body compartments affected with lesions for badgers with and without a bite wound.  Only tuberculous adult badgers are included. 
	Number of body compartments affected
	Non bite wounded (N=766)
	Bite wounded (N=115)
	Data unavailable on bite wounding* (N=74)
	All* 
(N=955)

	
	N (%)
	N (%)
	N (%)
	N (%)

	None
	498 (65.0%)
	55 (47.8%)
	55 (74.3%)
	608 (63.7%)

	One
	166 (21.7%)
	28 (24.3%)
	15 (20.3%)
	209 (21.9%)

	Two
	68 (8.9%)
	18 (15.7%)
	3 (4.1%)
	89 (9.3%)

	Three
	22 (2.9%)
	6 (5.2%)
	1 (1.4%)
	29 (3.0%)

	Four
	8 (1.0%)
	5 (4.3%)
	0 (0.0%)
	13 (1.4%)

	All (five)
	4 (0.5%)
	3 (2.6%)
	0 (0.0%)
	7 (0.7%)


*Bite wound data were not available for the majority of badgers in 2000.
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Figure S1. The distribution of lesions between body compartments in tuberculous badgers. (a) Proportion of badgers with lesions by tissue site, for adult badgers and for cubs; white bars indicate adult badgers (n=347) and black bars badger cubs (n=74). (b) Proportion of tuberculous adult badgers with lesions by tissue site, for badgers with and without a bite wound at necropsy; black bars indicate badgers without a bite wound at necropsy and a lesion in at least one site (n=268) and white bars badgers with a bite wound at necropsy and a lesion in at least one site (n=60).
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Figure S2. Observed severity indices: error bars give the 95% confidence limits. All badgers culled in 1999 were stored for more than 7 days and therefore excluded. There are no data in 2001 as proactive culling in the RBCT was temporarily suspended due to the Foot and Mouth Disease epidemic that occurred between February and November 2001. Year refers to the badger year from 1st February to 31st January.
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