
 

University of Warwick institutional repository: http://go.warwick.ac.uk/wrap 

 

This paper is made available online in accordance with 
publisher policies. Please scroll down to view the document 
itself. Please refer to the repository record for this item and our 
policy information available from the repository home page for 
further information.  

To see the final version of this paper please visit the publisher’s website. 
Access to the published version may require a subscription. 

Author(s):  F.P.Sweeney, O. Courtenay, V. Hibberd, R.G. Hewinson, 
L.A. Reilly , W.H.Gaze and E.M.H. Wellington 
Article Title:  Environmental monitoring of Mycobacterium bovis in 
badger feces and badger sett soil by real-time PCR, as confirmed by 
immunofluorescence, immunocapture, and cultivation 
Year of publication: 2007 
Link to published article: http://dx.doi.org/10.1128/AEM.00978-07 

Publisher statement:  Copyright © 2007, American Society for 
Microbiology and/or the Listed Authors/Institutions. All Rights 
Reserved. 

 

 
 

 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Warwick Research Archives Portal Repository

https://core.ac.uk/display/44292?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://go.warwick.ac.uk/wrap


Environmental monitoring of Mycobacterium bovis in badger faeces and badger 1 

sett soil using real-time PCR, confirmed by immunofluorescence, 2 

immunocapture and cultivation. 3 
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Abstract  18 

Real-time PCR was used to detect and quantify Mycobacterium bovis cells in 19 

naturally infected soil and badger faeces. Immunomagnetic capture, 20 

immunofluorescence and selective culture confirmed species identification and cell 21 

viability. These techniques will prove useful for monitoring M. bovis in the 22 

environment and for elucidating transmission routes between wildlife and cattle.  23 

 24 

 25 

Previous studies of Mycobacterium bovis shed into the environment by infected hosts 26 

using conventional PCR with primers targeting the MPB70 antigen gene (specific to 27 

the M. tuberculosis complex) provided evidence that the organism is likely to persist 28 

in the environment for at least 15 months post removal of the known animal reservoirs 29 

(16), and that the probability of detection of M. bovis in soil and badger faeces is 30 

correlated with the prevalence of excreting badgers (2). For the purpose of 31 

epidemiological studies, M. bovis detection techniques must be 100% species specific 32 

with robust and reliable quantification. 33 

 34 

Real time PCR has advantages over conventional PCR because it allows absolute 35 

quantification by comparison to a standard curve of known target sequence numbers. 36 

The complete genome sequence of M. bovis (5) has been used to design primers 37 

flanking a region of difference (RD4) between the sequence of M. bovis DNA and that 38 

of other M. tuberculosis complex members (1). The presence of M. bovis is confirmed 39 

using a fluorescent (TaqMan) probe which discriminates M. bovis from other 40 

Mycobacterium tuberculosis complex members since it hybridises with both the 5’ 41 
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and the 3’ RD4 deletion flanking sequences which only occur directly adjacent to 42 

each other in M. bovis (1).  43 

 44 

M. bovis cannot be directly cultured from soil due to the harsh decontamination 45 

techniques required to remove competing organisms. This limitation was overcome in 46 

a previous study by using immunomagnetic capture (IMC) to extract cells of M. bovis 47 

from mixed cell communities using a poly-clonal antibody to M. bovis BCG, and thus 48 

enabling cultivation of M. bovis from soil samples for the first time (13). Greater 49 

specificity could be achieved using a monoclonal antibody, MBS43 (14, 15), which 50 

recognises MPB83, a glycosylated cell wall associated protein (8), differentiating M. 51 

bovis from other members of the M. tuberculosis complex (6).  52 

 53 

We report here the first use of an M. bovis-specific real-time PCR to detect and 54 

quantify M. bovis DNA in environmental samples, and confirm the presence of viable 55 

cells of M. bovis using IMC, immunofluorescence and cultivation.  56 

 57 

Badgers are an important wildlife reservoir of M. bovis in the UK, and infected 58 

badgers can excrete the organism into the environment (4, 13). Social groups of 59 

badgers dig underground tunnel systems known as setts and they defecate into 60 

communal “latrines”, which are often located on cattle pasture. Soil was collected 61 

from 7 badger setts and faeces collected from 5 badger latrines during September 62 

2006 on two cattle farms in a region of the UK endemic for bovine tuberculosis (bTB). 63 

Replicate samples were taken from within 10m of each other at any one sett or latrine, 64 

though the setts and latrines were variable in size. The average distance between 65 

nearest neighbour sampled setts was 195m (range 40m-380m), and 234m (range 60m-66 
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400m) between nearest neighbour sampled latrines. The study farms were not under 67 

bTB restriction at the time of sampling, but had experienced tuberculin skin test 68 

positive heard breakdowns, as defined by Defra, in the past. These sites were chosen 69 

as they had previously tested positive for M. bovis using conventional PCR (2). Four 70 

soil samples were used as negative controls: two from an area non-endemic for bTB 71 

and two endemic samples that had tested negative for M. bovis using the MPB70 PCR 72 

(16). Total community DNA was extracted from 0.2g of each sample using Qiagen 73 

Stool DNA extraction kit (Qiagen UK) following the manufactures instructions. 74 

Triplicate reactions were carried out for all environmental samples, standards and no 75 

template controls using real-time PCR. For each reaction, the total reaction volume 76 

was 25 µl comprising 12.5 µl TaqMan universal PCR master mix, 1 µl (20 pmol ) 77 

forward RD4 flanking primer (5’ TGTGAATTCATACAAGCCGTAGTCg 3’), 1 µl 78 

(20 pmol) reverse RD4 flanking primer (5’ CCCGTAGCGTTACTGAGAAATTGC 79 

3’) and 1 µl (20 pmol) of the Probe ( 5’ FAM-80 

AGCGCAACACTCTTGGAGTGGCCTAC 3’- TAMRA), 2.5 µl of a 10 mg/ml BSA 81 

solution 6 µl nuclease free sterile water and 1 µl of a 1:10 dilution of the total 82 

community DNA.   83 

 84 

IMC was carried out as previously described (13), but with duplicate 0.5g aliquots of 85 

the environmental samples blocked with 3% BSA in PBS overnight at 4
o
C. Dynal 86 

magnetic beads (Invitrogen UK) 50µl (50mg) pre-coated with goat anti-mouse 87 

antibody were linked to 100 µg MBS43. The reaction was incubated for 3 h with 88 

shaking at 4
o
C. The antibody coated beads were then added to the blocked 89 

environmental sample and incubated for 3 h at 4
o
C with shaking. Cells of M. bovis 90 

were captured and separated using a magnetic device (Dynal UK), separated cells 91 
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were washed three times with PBS containing 0.1% nonident and resuspended in 92 

200µl of PBS. M. bovis was cultivated on non-acidified pyruvate LJ media slopes 93 

(Media for Mycobacteria Ltd., Cardiff, UK) incubated at 37
o
C for 4 weeks. Single 94 

colonies were transferred to Kirchner medium (Media for Mycobacteria Ltd.), 95 

supplemented with sodium pyruvate (4 g / litre) and the following antibiotics, 96 

Polymyxin B (200 000 units/ litre), Ticarcillin (100 mg / litre), Trimethoprim (10 mg / 97 

litre) and  the anti fungal amphotericin B (10mg / litre). A commercially labelled 98 

polyclonal antibody to M. bovis BCG (DAKO) was coupled to FITC labelled goat 99 

anti-rabbit IgG by incubating 50 µg of each at 4
o
C with shaking. 10 µl was added to 100 

50 µl of the immunocaptured cells. DAPI was also added and the solution left for 1 h 101 

at 4
o
C. Cells were fixed with 4% glutaraldehyde for 2 h before fluorescence 102 

microscopy.  103 

 104 

TaqMan real-time PCR detected the presence of M. bovis in all 12 samples from 105 

infected setts and latrines, but no M. bovis DNA was amplified from the four negative 106 

controls. Gene copies per gram of sample ranged from 6.8x10
4
 to 5.4x10

6
 (Fig 1), 107 

with quantities appearing more variable between sett samples than between latrine 108 

samples, although the mean cell count did not differ significantly between sett and 109 

latrine samples (F1,10=0.77, NS), nor was there a significant difference in the cell 110 

count variances between sample types (Bartlett’s χ
2
=2.01, P=0.156). The product was 111 

confirmed as M. bovis by its size (142 bp) and sequence. 112 

 113 
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 114 

Figure 1. The mean number of M. bovis cell copies per gram of environmental 115 

sample (L = latrine; S = sett) estimated by Taq Man real-time PCR. Error bars 116 

represent the 95% confidence intervals around the mean counts from three replicates 117 

per sample.  118 

 119 

Immunomagnetic capture was performed on all of the positive samples and in all 120 

cases confirmed the presence of M. bovis cells by subsequent cultivation. M. bovis 121 

cells from one sample (L3) captured by the MBS43 coated magnetic beads and 122 

stained with FITC coupled M. bovis BCG antibody are shown in Fig. 2. DAPI stain 123 

detected the captured bacteria and FITC fluorescence was seen to co-localise with the 124 

cells. 125 

 126 
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 127 

Figure 2. Immunocaptured M. bovis attached to magnetic particles stained with DAPI 128 

(blue) and FITC (green). 600X oil immersion. 129 

 130 

Captured cells from all of the 12 samples were inoculated onto LJ media slopes 131 

(Media for Mycobacteria Ltd., Cardiff, UK) which gave colonies after 4 weeks at 132 

37
o
C. These were sub-cultured into Kirchner medium (supplemented with 4 g/l w/v 133 

Na pyruvate and BSA (Media for Mycobacteria Ltd., Cardiff, UK). 134 

 135 

Many pathogenic bacteria can survive in the environment (7), and several members of 136 

the Mycobacterium genus are known to persist even under extremely hostile 137 

conditions (12). Several properties that are common to all mycobacteria may help M. 138 

bovis endure extreme environmental conditions following excretion by an infected 139 

host, and a reservoir of the organism in the environment could potentially be a source 140 

of infection to cattle and other susceptible species. Bovine tuberculosis is an endemic 141 

disease in badgers in Great Britain and Ireland (9), however the route or routes of 142 
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transmission to cattle are poorly understood. Cattle are known to be highly susceptible 143 

to aerosol transmission (11) but can also become infected through ingestion, although 144 

experiments have shown that as many as 10
7
 bacilli must be ingested to cause 145 

infection by this route (3, 10). Gallagher and Clifton-Hadley (4) estimated by 146 

selective cultivation the number of M.bovis bacilli that badgers with advanced 147 

milliary disease can shed into the environment. They cultivated 200 x 10
3
 and 68 c.f.u. 148 

per g from two separate clinical faecal samples and 217 x 10
3
 and 250 x 10

3
 c.f.u. per 149 

ml from two separate urine samples (4). The results of this study using real time PCR 150 

show cell densities of 6.8 x 10
4
 to 5.4 x 10

6 
M. bovis cells per gram of soil at badger 151 

setts and of faeces at badger latrines, which we assume to be typical in this infected 152 

badger population. Previous estimates of cell numbers in similar samples were 153 

between 2.8 x 10
5
 and 3.2 x 10

5 
using a different method (MPB70 and Rv1510 154 

primers with PCR product quantified by pixel intensity) (13). In the current study 155 

there was no statistical difference between the mean and variance of cell counts at 156 

setts vs. latrines, however, on visual inspection the quantities detected at setts 157 

appeared to be more variable than those at latrines. If this proves to be the case, it may 158 

be due to the greater variability in the distribution of micro-organisms in soil 159 

compared to faeces, and/or differences in the excretory behaviour of badgers at setts 160 

compared to at latrines. 161 

 162 

In conclusion, we have developed an M. bovis specific molecular detection technique, 163 

based on real-time PCR, for monitoring and quantifying cells in environmental 164 

samples. This method will be useful for identifying sites of contamination on farms 165 

that may constitute an infection risk to cattle and wildlife.  166 

 167 

ACCEPTED



The work was conducted with financial support from the BBSRC (grant 168 

BBS/B/08868 awarded to O.C. and E.M.W). The authors wish to thank the farmers 169 

for granting permission to take samples.  170 

 171 

References  172 

 173 

1. Brosch R., S.V. Gordon, M. Marmiesse, P. Brodin, C. Buchrieser, K. 174 

Eiglmeier, T. Garnier, C. Gutierrez, R.G. Hewinson, K. Kremer, L. M. 175 

Parsons, A. S. Pym, S. Samper, D. van Soolingen, and S. T. Cole. 2002. A new 176 

evolutionary scenario for the Mycobacterium tuberculosis complex. PNAS 177 

99:3684-3689. 178 

 179 

2. Courtenay, O., L.A. Reilly, F.P. Sweeney, V. Hibberd, S. Bryan, A. Ul-Hassan,     180 

C. Newman, D.W. Macdonald, R.J. Delahay, G.J. Wilson and E.M.H. 181 

Wellington.  2006. Is Mycobacterium bovis in the environment important for the 182 

persistence of bovine tuberculosis? Biol. Lett. 2:460-462. 183 

 184 

3. Francis, J. 1947. Bovine tuberculosis: including a contrast with human 185 

tuberculosis, Staples Press, London, p92. 186 

 187 

4. Gallagher, J. and R.S. Clifton-Hadley. 2000. Tuberculosis in badgers: a review 188 

of the disease and its significance for other animals.  Res. Vet. Sci. 69:203-217. 189 

 190 

5. Garnier, T., K. Eiglmeier, J.C. Camus, N. Medina, H. Mansoor, M. Pryor, S. 191 

Duthoy, S. Grondin, C. Lacroix, C. Monsempe, S. Simon, B. Harris, R. Atkin, 192 

ACCEPTED



J. Doggett, R. Mayes, L. Keating, P.R. Wheeler, J. Parkhill, B.G. Barrell, S.T. 193 

Cole, S.V. Gordon and R.G. Hewinson. 2005. The complete DNA sequence of 194 

Mycobacterium bovis. PNAS 45:1113-1244. 195 

 196 

6. Goodger J., A. Nolan, W.P. Russell, D.J. Dalley, C.J. Thorns, F.A. Stuart, P. 197 

Croston and D.G. Newell. 1994. Serodiagnosis of Mycobacterium bovis infection 198 

in badgers: development of an indirect ELISA using a 25 kDa antigen. Vet. Rec. 199 

135:82-85.   200 

 201 

7. Guan, T.Y. and R.A. Holley. 2003. Pathogen survival in swine manure 202 

environments and transmission of human enteric illness – a review. J. Environ. 203 

Qual. 32:383-392. 204 

 205 

8. Hewinson, R.G., S.L. Michell, W.P. Russell, R.A. McAdam and W.R. Jacobs 206 

Jr. 1996. Molecular characterisation of MPT83: a seroactive antigen of 207 

Mycobacterium tuberculosis with homology to MPT70. Scand. J. Immunol. 208 

43:490-499. 209 

 210 

9. Nolan, A. and J.W. Wilesmith. 1994. Tuberculosis in badgers (Meles meles). Vet. 211 

Microbiol. 28:103-109. 212 

 213 

10. O’Reilly, L.M. and C.J. Daborn. 1995. The epidemiology of Mycobacterium 214 

bovis infections in animals and man: a review. Tuber. Lung Dis. 76 (S1):1-46. 215 

 216 

ACCEPTED



11. Palmer, M.V., W.R. Waters and D.L. Whipple. 2003. Aerosol exposure of 217 

virulent Mycobacterium bovis to cattle. Tuberculosis 82:275-282. 218 

 219 

12. Primm, T.P., C.A. Lucero and J.O. Falkinham 3rd. 2004. Health impacts of 220 

environmental mycobacteria. Clin. Microbiol. Rev. 17:98-106. 221 

 222 

13. Sweeney, F.P., O. Courtenay, A. Ul-Hassan, V. Hibberd, L.A. Reilly and 223 

E.M.H. Wellington. 2006. Immunomagnetic recovery of Mycobacterium bovis 224 

from naturally infected environmental samples. Lett. Appl. Microbiol. 2:460-462. 225 

 226 

14. Wiker, H.G., S. Nagai, R.G. Hewinson, W.P. Russell and M. Harboe. 1996. 227 

Heterogenous expression of the related MPB70 and MPB83 proteins distinguish 228 

various substrains of Mycobacterium bovis BCG and Mycobacterium tuberculosis 229 

H37Rv. Scand. J. Immunol. 43:374-80. 230 

 231 

15. Wiker, H.G., K.P. Lyashchenko, A.M. Aksoy, K.A. Lightbody, J.M. Pollock, 232 

S.V. Komissarenko, S.O. Bobrovnik, I.N. Kolesnikova, L.O. Mykhalsky, M.L. 233 

Gennaro and M. Harboe. 1998. Immunochemical characterization of the 234 

MPB70/80 and MPB83 proteins of Mycobacterium bovis. Infect. Immun. 235 

66:1445-52. 236 

 237 

16. Young, J.S., E. Gormley and E.M.H. Wellington. 2005. Molecular detection of 238 

Mycobacterium bovis and Mycobacterium bovis BCG (Pasteur) in soil. Appl. 239 

Environ. Microbiol 71:1946-1952 240 

ACCEPTED


