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1 Abstract 

2 

3 Validated sample collection methods are needed for recovery ofmicrobial evidence in the 

4 event of accidental or intentional release of biological agents into the environment. To address 

5 this need, we evaluated the sample recovery efficiencies of two collection methods-swabs and 

6 wipes-for both non-virulent and virulent strains of B. anthracis and Y. pestis from four types of 

7 non-porous surfaces: two hydrophilic surfaces, stainless steel and glass, and two hydrophobic 

8 surfaces, vinyl and plastic. Sample recovery was quantified using Real-time qPCR to assay for 

9 intact DNA signatures. We found no consistent difference in collection efficiency between 

10 swabs or wipes. Furthermore, collection efficiency was more surface-dependent for virulent 

II strains than non-virulent strains. For the two non-virulent strains, B. anthracis Sterne and Y. 

12 pestis A1122, collection efficiency was approximately 100% and 1 %, respectively, from all four 

13 surfaces. In contrast, recovery of B. anthracis Ames spores and Y. pestis C092 from vinyl and 

14 plastic was generally lower compared to collection from glass or stainless steel, suggesting that 

15 surface hydrophobicity may playa role in the strength of pathogen adhesion. The surface

16 dependent collection efficiencies observed with the virulent strains may arise from strain-specific 

17 expression of capsular material or other cell surface receptors that alter cell adhesion to specific 

18 surfaces. These findings contribute to validation of standard bioforensics procedures and 

19 emphasize the importance of specific strain and surface interactions in pathogen detection. 

20 
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21 Introduction 

22 Bioforensic methods for rapid and reliable detection of biothreat agents are key 

23 capabilities for evidence collection and assessment of surface contamination after bioterrorism 

24 attacks. (3) Following the dissemination of B. anthracis spores through the postal service in 

25 200 t, efforts to standardize sample collection intensified in order to validate procedures for 

26 pathogen recovery and to quantify the impact of collection methods on pathogen detection limits. 

27 Efficient recovery of bacterial samples from contaminated surfaces and the environment is a 

28 major factor in determining the success of bioagent detection. Accurate detection, in turn, can 

29 influence the use of remediation procedures and risk assessments for public health. 

30 Past studies have shown that numerous factors affect sample collection efficiency, 

31 including choice of collection device, the deposition surface, and the detection assay. Swabs, 

32 sponges, wipes, and HEPA vacuum filters are common collection devices for microbial 

33 forensics. Following the 2001 attacks, sampling of surfaces at the anthrax-contaminated 

34 Brentwood Mail Processing and Distribution Center in Washington D.C. indicated that wipes 

35 and HEPA socks were more effective than swabs for recovery of B. anthracis spores. (18) In a 

36 study of different swab materials, pre-moistened macrofoam and cotton swabs were more 

37 effective than polyester and rayon swabs for recovery efficiency of B. anthracis spores. (15) For 

38 the biothreat simulant Erwinia herbicola, the swab was more efficient that the sponge in 

39 pathogen recovery from multiple surfaces (5), whereas there were no significant differences 

40 between the swab and sponge in recovery of Bacillus subtilus subsp. niger from vinyl tile. (6) 

41 The chemical and physical properties of the deposition surface material, such as 

42 hydrophobicity and porosity, can also impact collection efficiency. The nosocomial pathogen, 

43 Staphylococcus epidermidis adhered more strongly to hydrophobic acrylic surfaces compared to 
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44 more hydrophilic glass surfaces. (7) Similarly, collection of E. herbicola from hydrophobic 

45 vinyl tile and plastic seat surfaces was less efficient compared to hydrophilic steel file cabinet 

46 and glass surfaces. (5) Surface porosity can also enhance pathogen viability by providing a 

47 microenvironment to protect the pathogen against dessication. The biothreat agents Yersinia 

48 pestis and Burkholderia pseudomaUei survived for longer periods of time on paper coupons, a 

49 more porous material, compared to stainless steel, polyethylene, and glass. (16, 19) 

50 With the advent of more rapid, highly specific, and quantitative real-time PCR 

51 technology (qPCR), DNA-based detection assays are increasingly becoming a standard for 

52 pathogen detection. (5, 6, 17) DNA-based pathogen detection does not require pathogen survival 

53 and is therefore expected to be more robust than viability assays. Because the majority of 

54 previous sample collection studies used viability assays to measure collection efficiency (4, 16, 

55 18, 19), there is a need to re-assess collection methods in the context of qPCR DNA-based 

56 pathogen detection. To address this need, we used qPCR assays to determine how the collection 

57 and detection of B. anthracis and Y. pestis is influenced by three parameters: (I) collection 

58 method, (2) type of non-porous surface and (3) bioagent quantity (0, 10\ and 106 cfu). For each 

59 species, we tested a virulent strain, B. anthracis Ames and Y. pestis C092, and a non-virulent 

60 strain, B. anthracis Sterne and Y. pestis Al 122. Study of these two non-virulent strains, which 

61 lack extrachromosomal virulence plasmids, will provide us with insight into the roles that 

62 virulence determinants play in cell adhesion to surfaces. Our study provides a comparative 

63 analysis of the effects of multiple sample collection parameters on the collection efficiency of 

64 two different bacterial species and highlights the dependence of bioforensics data acquisition on 

65 efficient sample collection and processing. 

4 




66 Materials and Methods 

67 

68 Bacterial strain preparation 

69 Four bacterial strains were used in this study: (I) B. anthracis Sterne 7702 - non-virulent; 

70 (2) B. anthracis Ames A2048 - virulent; (3) Y. pestis All22  non-virulent; and (4) Y. pestis 

71 C092  virulent. To prepare spores, B. anthracis strains were grown in LB agar at 37°C for 10 

72 days under Biosafety Level 2 (BSL-2) conditions and collected off the agar surface with sterile 

73 distilled water. Spores were vortexed, incubated with 1% chlorofonn at 4°C for 48 hrs, washed 

74 3 times with sterile ultrapure distilled water, and collected by centrifugation. Spores were 

75 quantified by plating serial dilutions on LB agar plates and visualized by microscopic 

76 examination of slide preparations stained with malachite green. Final spore titer was'" 1.4 x 108 

77 cfu/mL. Two working solutions of 107 and 105 cfu/ml were generated and stored at 4°C. Y. 

78 pestis strains were grown at 37°C in LB broth to OD6OO ,..,Q.6 and immediately diluted in growth 

79 media to 107 and 105 cfu/ml. 

80 

81 Collection and sampling procedure 

82 Two different collection materials were evaluated: cotton swabs (Environmental Swab 

83 kit, CDC) and rayon gauze wipes (Handi-Wipe®, sterile sponges, Dukal Corp, NY). Samples 

84 were collected off of four different 2"x2" deposition coupon materials: glass, stainless steel (S

85 180 grade, T-304), vinyl (garbage bags), and plastic (standard kitchen countertop material). 

86 Coupons were washed with detergent, placed in 100 mm glass petri plates, and sterilized in an 

87 autoclave. 100/1.1 aliquots of 107 cfu/ml and 105 cfu/ml sample dilutions or no bacteria controls 

88 were pipetted onto coupons, allowed to dry on the surface, and incubated for 1, 2 or 14 days in a 
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89 28°C incubator. For each experimental condition, 4 replicate samples were processed to assess 

90 reproducibility. 

91 Collection procedures were performed as described in Ref (18). Swabs were moistened 

92 with sterile PBS and used to wipe coupons vertically, horizontally, and then diagonally. Swabs 

93 were rolled during collection to expose unused surface during wiping. Gauze wipes were 

94 moistened with sterile water and used to wipe the coupons by vertical S-strokes to cover the 

95 entire sample area. The gauze pad was then folded and used to wipe horizontal S strokes over 

96 the same area. Swab and wipe samples were placed in a sterile 50 ml conical tube. 104 and 106 

97 bacterial stock controls were placed at -20°C at the beginning of each experiment and processed 

98 along with the test samples. 

99 Collection swabs and wipes were submerged in 30 ml of PBS/0.04% Tween 20 and 

100 vortexed for 3 min. After the contents settled, the buffer containing suspended bacteria was 

101 transferred to a fresh 50 ml conical tube and centrifuged at 3750 rpm for 30 min at lOoC to 

102 collect the bacterial pellet. The supernatant was removed, leaving <1 ml liquid. The remaining 

103 bacterial sample was stored at -20°C for DNA extraction at a later time. After thawing, bacterial 

104 samples were homogenized by beadbeating using zirconia-silica beads for 2 min. Cell Iysates 

105 were centrifuged, and DNA was extracted from the supernatant fraction using the FastDNA spin 

106 Kit for Soil (QBIOgene, Inc.), resuspended in 200 f.!l of 10 mM Tris-CI pH 8, and stored at 

107 -20°C. 

108 

109 Quantitative real-time peR analysis 

110 Real-time PCR assays were performed in 20f.!1 reactions containing 1 f.!1 of DNA template 

111 and 19f.!1 of Master Mix (9f.!M of both forward and reverse primers, IOf.!M of probe, 300f.!M 

h 
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112 dNTPs, 2SmM MgCI2, Ix reaction buffer, and O.SU AmpliTaq Gold Polymerase). Reaction 

113 assays were run on an ABI 7900 HT sequence detection system (Applied Biosystems) using the 

114 following conditions: 94·C for to min and 40 cycles of 94·C for IS sec and 60°C for I min. For 

lIS B. anthracis, the following primers and probe to detect a pXOI sequence were used: (I) Ba-STE

116 443F: TGA TGG TIT TGA TIT CTT AGG CIT T and (2) Ba-STE-S3I,R: CAC TIT GGT 

] 17 TGG ATG GIT TAA TGA, and the probe SNPOIAME-FAM: 6FAM - AAG GGT CAC AAC 

118 TC MGBNFQ (Applied Biosystems). For Y.pestis, the following primers and probe to detect a 

119 pesticin sequence were used: (I) Yp-pPCPI-F: GAA TGG TIC AGG TGG TGT TCC and (2) 

120 Yp-pPCPI-R: TIC TCC ATC TCC GTA TCA ATC G, and the probe YP-pPCPl: 6FAM - TGG 

121 ATC TGC CTG GCC GGA GTA ATI - MGBNFQ (Applied Biosystems). Bacterial standards 

122 (to-fold dilutions from 1 to t07 cells) were prepared by using the same lysis and extraction 

123 methods to process samples as described above. The threshold cycle value (CT) data obtained 

124 were analyzed using Kaleidograph VA software, and cell numbers for the experimental samples 

12S were extrapolated from the standard curve generated from the bacterial cell standards. 

126 

127 Statistical analysis 

128 All values are expressed as the mean ± SD. Differences between groups were analyzed 

129 by ANOV A. A P value ~0.05 was considered statistically significant. 

130 
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131 Results 

132 

133 Varying deposition time of R anthracis spores on glass 

134 An overview of the sample col1ection process and analysis of recovery used in this study 

135 is outlined in Fig. 1. In initial studies, we examined whether the length of time of pathogen 

136 deposition on surfaces impacted co11ection efficiency. We deposited 106 spores of non-virulent 

137 B. anthracis Sterne 7702, which lacks the pX02 virulence plasmid, on glass coupons for 1, 2, and 

138 14 days, col1ected samples with either swabs or wipes, and analyzed collection efficiency using 

139 qPCR on extracted DNA fractions. The threshold cycle values (CT) for detection of a B. 

140 anthracis pXO I sequence were not significantly different using either swabs or wipes following 

14] ] ,2, or 14 days, and were similar to the bacterial control (p2!0.05, Fig. 2). Furthermore, CT values 

142 between swabs and wipes for each deposition time point were also not significantly different 

143 (p2!0.05). Given that there was little difference in qPCR-based detection between 1,2, and 14 

144 days of B. anthracis spore deposition, the remainder of the experiments described in this study 

145 were performed after 14 days of deposition. 

146 

147 Sample collection and detection efficiency of B. anthracis spores 

148 B. anthracis spores derived from Sterne strain and virulent Ames strain were deposited 

149 on four different non-porous surfaces - stainless steel, glass, vinyl, and plastic - at bacterial 

] 50 quantities of 0, 104 
, or 106 cfu. Spores were collected using both swabs and wipes, and DNA 

151 was extracted from samples and analyzed by qPCR to assess bacterial recovery. Resultant CT 

152 values were converted into bacterial cel1 equivalents by extrapolation to a standard curve 

153 generated from qPCR analysis of lO-fold dilutions of I to 107 B. anthracis spores. In general, 
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154 similar levels of Sterne spores were recovered from all four surfaces for each bacterial 

155 concentration (Fig. 3A and B). The only exceptions were recovery of 104 and 106 spores from 

156 glass using wipes, which were less efficient compared to the other surfaces (psO.05). Sterne 

157 spores were recovered at levels similar to the bacterial stock controls for all other experimental 

158 conditions (p~.05), indicating that the recovery efficiency was very high and approached 100%. 

159 In addition, there were no significant differences between the use of swabs and wipes, with the 

160 exception of spore recovery from glass. 

161 For the Ames strain, sample collection was more efficient for the hydrophilic stainless 

162 steel and glass surfaces compared to the more hydrophobic vinyl and plastic (psO.05) (Fig. 4A 

163 and B). Collection of 104 and 106 spores from steel and glass were modestly lower by -2-3 fold 

164 compared to the bacterial stock controls for both the swabs and the wipes. In contrast, for the 

165 106 spores on vinyl and plastic, collection efficiency was reduced by >10 fold compared to the 

166 bacterial stock controls for both swab and wipe collection. Collection of 104 spores from vinyl 

167 was practically undetectable. For plastic, the collection efficiency of 104 spores using swabs was 

168 reduced ,.",3-4 fold, whereas collection by wipes exhibited negligible spore detection. There were 

169 more significant differences in collection efficiency between the different surfaces in the Ames 

170 strain compared to the Sterne strain. For example, swab collection of 106 spores exhibited 

171 significant differences between all four surfaces (psO.05, Fig. 4B), with stainless steel and vinyl 

172 displaying the highest and lowest spore recoveries, respectively. Finally, the majority of 

173 experimental conditions tested showed little difference in collection efficiency between the use 

174 of swabs and wipes. Only two instances, recovery of 106 spores from stainless steel and 104 

175 spores from plastic, exhibited significant differences between swabs and wipes in DNA recovery 

176 (psO.05). 
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177 

178 Sample collection and detection efficiency of Y. pestis strains 

179 We next examined the collection efficiency of non-virulent Y. pestis strain A1122, which 

180 lacks the p70 virulence plasmid (8), and the virulent C092 strain. The two strains were 

181 deposited on stainless steel, glass, vinyl, and plastic at 0, 104 
, and 106 cfu, and collected by swabs 

182 and wipes, as described above for the B. anthracis spores. Sample recovery of the Y. pestis 

183 A 1122 strain exhibited a marked decrease in collection efficiency compared to the B. anthracis 

184 Sterne spores, with'" 1-2% recovery, or ",50-100 fold decrease in collection efficiency for both 

185 104 and 106 cfu samples, compared to the bacterial stock controls, for all four surfaces tested. 

186 (Fig. 5A) For swab collection, recovery efficiencies from all four surfaces were not significantly 

187 different for 104 cfu, whereas collection of 106 cfu from glass was more efficient compared to 

188 stainless steel and plastic (p:s0.05, Fig. 58). For wipe collection, recovery from plastic was 

189 comparatively less efficient for both 104 and 106 cfu, and recovery of 106 cfu from vinyl was also 

190 reduced, compared to steel and glass (p:s0.05). Only two experimental conditions, 106 cfu from 

191 stainless steel and from plastic, exhibited significantly different recovery efficiencies between 

192 the use of swabs and wipes (Fig. 5A). 

193 The detection profile of the Y. pestis C092 strain was the most complex of the four 

194 bacterial strains examined in this study, and in general, varied significantly between the four 

195 different surfaces (Fig. 6A and 8). Sample collection from vinyl surfaces yielded reduced levels 

196 of recovery for both swabs and wipes, with an ",50-100 fold decrease compared to the bacterial 

197 stock controls. (Fig. 6A) For plastic, collection of the 106 cfu samples was highly efficient for 

198 both swabs and wipes and was indistinguishable from the 106 stock control, whereas recovery of 
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199 the 104 cfu samples was less efficient, exhibiting an ~ I 0-50 fold decline in collection efficiency 

200 for both swabs and wipes compared to the 104 stock control. 

20 I For stainless steel, detection of 106 cfu samples recovered using either swabs or wipes 

202 was comparable to that of the 106 stock control. (Fig. 6A) However, qPCR analysis of the 104 

203 cfu samples from stainless steel yielded an unexpected profile in which the cell equivalents of 

204 extracted DNA were actually higher than that for the 104 stock control for both swabs and wipes. 

205 This pattern was also observed in both the 104 and 106 cfu samples collected from glass. We 

206 speculated that the dried Y. pestis C092 may have some as-yet uncharacterized artifact 

207 associated with sample deposition and/or collection under certain experimental conditions, which 

208 would account for the increased recovery of Y. pestis compared to the bacterial stock controls. 

209 One possible explanation for this discrepancy is that Y. pestis C092 may be capable of some 

210 limited growth in the suspension media prior to dessication of the deposited bacteria on the non

211 porous surfaces. This phenomenon had been previously observed in which recovery of 

212 Burkholderia pseudomallei from different surfaces was increased after ] 4 days of deposition 

213 when the pathogen was suspended in brain heart infusion broth, compared to earlier time points. 

2]4 (19) To test this hypothesis, we determined whether dried Y. pestis C092 exhibited increased 

215 sample recovery compared to Y. pestis resuspended in liq'uid media. In preliminary experiments, 

216 104 and 106 Y. pestis C092 cells were either air-dried or maintained in liquid media in microfuge 

217 tubes for 24 hrs, and then processed for qPCR. The dried samples exhibited lower CT values 

218 compared to samples maintained in liquid, 24.3±0.4 (dried) vs. 26.1±0.6 (liquid) for the 104 

2] 9 samples, and 17.8±0.8 (dried) vs. ] 9.5±0.8 (liquid) for the 106 samples (p:s0.05, Fig. 7), 

220 suggesting an unexpectedly higher DNA signature in the dried versus liquid samples. Additional 
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221 investigation will be needed to better understand the molecular basis of bacterial growth during 

222 the dessication process. 

223 Taking into account the higher-than-expected sample recovery from steel and glass, 

224 recovery of 104 and 106 cfu of Y. pestis C092 cells differed significantly between the four 

225 surfaces, in the majority of cases. (Fig. 6B) Some exceptions include the similar recoveries of 

226 104 cells from plastic and vinyl using either swabs or wipes. Interestingly, the experimental 

227 conditions that exhibited significant differences between swab and wipe recovery were the three 

228 instances of higher-than-expected recovery from steel and glass. (Fig. 6A) 

229 
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230 Discussion 

231 We evaluated the sample recovery efficiencies of both non-virulent and virulent strains of 

232 B. anthracis and Y. pestis using two collection methods, swabs and wipes, from four types of 

233 non-porous surfaces: stainless steel, glass, vinyl, and plastic. Overall, sample recovery using 

234 swabs or wipes was similar between the two collection methods. For each of the four bacterial 

235 strains in our study, ",,75% of the pairwise comparisons of swabs versus wipes for the different 

236 surfaces and bacterial concentrations were not significantly different. 

237 We used highly specific, rapid, and sensitive qPCR for detection of intact B. anthracis 

238 and Y. pestis DNA signatures following sample collection for bioforensics analysis. Although 

239 culturing is a well-established assay for microbial detection (15, 16, 19), this technique has a 

240 relatively lower sensitivity compared to qPCR and may tend to underestimate the quantity of 

241 bacteria by failing to detect non-viable or viable but non-culturable cells on surfaces. (I, 9) In 

242 direct comparisons of sample detection efficiency between culture analysis and qPCR, qPCR 

243 generally provides more robust sample detection. For example, very few culturable Erwinia 

244 herbicola cells were obtained from samples by culture analysis, whereas qPCR demonstrated 

245 that pathogen DNA was present in high concentrations on all sample surfaces tested. (5) 

246 Similar1y, qPCR detection of B. subtilis samples from flooring materials was superior to that of 

247 culture analysis. (6) We expect that qPCR detection of DNA signatures will markedly improve 

248 pathogen detection capabilities, given that bioforensic samples may often contain only trace 

249 amounts that may no longer be viable. 

250 In general, our results showed that the deposition surface material did not significantly 

251 affect recovery of the two non-virulent strains, B. anthracis Sterne and Y. pestis A 1122, which 

252 were recovered at "" 100% and"" 1 % efficiency, respectively. (Fig. 3 and Fig. 5) In contrast, 
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253 collection of the virulent strains, B. anthracis Ames and Y. pestis C092, exhibited greater 

254 variation in recovery efficiency between the four surfaces. Collection of B. anthracis Ames from 

255 the more hydrophobic surfaces, vinyl and plastic, was markedly reduced compared to the 

256 hydrophilic surfaces, stainless steel and glass. (Fig. 4) Recovery of Y. pestis C092 was more 

257 difficult to interpret, given the unexpected increase in detection signal from samples deposited on 

258 stainless steel and glass compared to sample controls. Nevertheless, collection of Y. pestis C092 

259 appeared to follow a similar pattern to B. anthracis Ames, in which recovery from vinyl and the 

260 104 cfu sample from plastic were less efficient compared to stainless steel and glass. These 

261 findings suggest that surface hydrophobicity is a key indicator of the strength of virulent B. 

262 anthracis and Y. pestis attachment. (Fig. 6) 

263 Pathogen adhesion to different surfaces is the sum of different non-specific interactions 

264 that are based on the physico-chemical properties of the pathogen cell membrane and the 

265 attachment surface. In particular, hydrophobicity is a key non-covalent force that contributes to 

266 microbial attachment to both biological and chemical surfaces. (2, 11) Clinical isolates of S. 

267 epidermidis and the food pathogen Listeria monocytogenes adhere more strongly to hydrophobic 

268 surfaces, such as acrylic and polypropylene, compared to the more hydrophilic glass or stainless 

269 steel. (7, 20) Similarly, freshwater bacteria including Pseudomonas, Aeromonas and Flexibacter 

270 spp. adhere better to a hydrophobic polystyrene surface compared to a more hydrophilic tissue 

271 culture-treated polystyrene. (14) Based on these studies and our own findings, we posit that 

272 bioforensic collection of pathogens from more hydrophilic surfaces, such as glass and stainless 

273 steel, will be more effective and likely to facilitate pathogen detection. 

274 Differences in sample collection efficiencies may stem from the cell surface properties of 

275 the pathogen. Studies of pathogen colonization and biofilm formation on prosthetic implants 
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276 show that a variety of cell surface receptors and secreted polysaccharides contribute to surface 

277 adhesion. (to, 12) Differences in surface properties are expected between the virulent and 

278 nonvirulent strains used in our study. The two non-virulent strains, B. anthracis Sterne and Y. 

279 pestis A 1122, lack extrachromosomal virulence plasmids that are known to express virulence 

280 factors mediating different pathogenicity mechanisms. The B. anthracis Sterne strain lacks the 

281 pX02 plasmid encoding capsular polysaccharide, which normally acts to mask the pathogen from 

282 host immunity, while the Y. pestis A 1122 strain is missing the p70 plasmid, encoding the Type 

283 III secretion system of virulence effectors (13). Thus, it is tempting to speculate that differences 

284 in collection efficiency observed between the virulent and non-virulent pathogens may partly 

285 arise from genes expressed from either the pX02 or p70 plasmid. For example, the reduced 

286 collection efficiency of B. anthracis Ames from vinyl and plastic may be due to the expression 

287 of capsular polysaccharide moieties from pX02 that bind more tenaciously to these hydrophobic 

288 surfaces, thus reducing sample recovery. It is also interesting to note that recovery of the non

289 virulent Y. pestis A 1122 was markedly less efficient compared to B. anthracis Sterne spores, 

290 indicating that species-specific cellular properties may also contribute to surface adhesivity. 

291 Collectively, our studies provide insight into the impact of different sample collection 

292 parameters on recovery of pathogens from non-porous surfaces. Identifying conditions that 

293 improve pathogen detection is extremely important for rapid and accurate bioforensic analysis. 

294 Therefore, our observation is noteworthy that collection of pathogenic B. anthracis and Y. pestis 

295 from hydrophilic surfaces appears to increase the likelihood of DNA-based detection. Future 

296 research will be directed at sample collection of additional high-threat pathogens, as well as B. 

297 anthracis and Y. pestis mutants defective for a variety of cellular functions such as spore 

298 formation, quorum sensing, and virulence to identify additional factors that modulate bacterial 
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299 adhesion. Such studies are needed to develop predictive rules that can guide the application and 

300 interpretation of sample collection methods for bioforensics analysis. 
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306 Figure Legends 

307 

308 Figure 1: Overview of sample collection and detection process. 

309 B. anthracis spores and Y. pestis cells were collected from four different surfaces using either 

310 swabs or wipes. Samples were lysed, and extracted DNA was analyzed by qPCR. 

311 

312 Figure 2: Recovery of B. anthracis Sterne from glass following deposition for 1,2, or 14 days. 

313 106 B. anthracis Sterne spores were deposited on glass for 1,2, or 14 days and collected by either 

314 swabs (S) or wipes (W). DNA was extracted from the spore samples and analyzed by qPCR. A 

315 bacterial stock of 106 spores was stored prior to the start of the experiment and processed along 

316 with the test samples. Comparisons of threshold cycle (CT) values were not significant (p<:ill.05) 

317 between 1,2, and 14 days for either swabs or wipes or between swabs and wipes for each day 

318 listed. Data are an average of four replicate qPCR analyses. 

319 

320 Figure 3: Recovery of B. anthracis Sterne from four non-porous surfaces. 

321 (A) B. anthracis Sterne spores (106
, 104

, and 0 cfu) were deposited on stainless steel, glass, vinyl, 

322 and plastic coupons for 14 days and then co11ected by either swabs or wipes. DNA was extracted 

323 from the spore samples and analyzed by qPCR. A bacterial stock of either 104 or 106 spores was 

324 stored prior to the start of the experiment and processed in parallel with the test samples. The 

325 threshold cycle (CT) values of the recovered samples were converted to cell equivalents of 

326 extracted DNA by extrapolating from a standard curve that was generated from lO-fold dilutions 

327 (l to 107
) of Sterne spores processed in para11e). A ,*" denotes a significant difference (p:s:0.05) 

lR 
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328 between swab and wipe collection for an experimental condition. Data are an average of 4 

329 independent samples, each of which was analyzed by qPCR 3 times, for a total of 12 replicates. 

330 (8) Pairwise comparisons of sample recovery between different surfaces, S-steel, a-glass, V

331 vinyl, and P- plastic, was analyzed using ANOV A for each spore concentration and collection 

332 device. A '+' denotes a p:SO.05, and a '-' denotes p;;:d).05. 

333 

334 Figure 4: Recovery of B. anthracis Ames from four non-porous surfaces 

335 (A) Sample collection of B. anthracis Ames spores (106
, 104

, and 0 cfu) was examined, as 

336 described in the legend to Fig. 3A. A '*" denotes a significant difference (psO.05) between swab 

337 and wipe collection for an experimental condition. Data are an average of 4 independent 

338 samples, each of which was analyzed by qPCR 3 times, for a total of 12 replicates. 

339 (8) Pairwise comparisons of sample recovery between different surfaces, S-steel, a-glass, V

340 vinyl, and P- plastic, was analyzed using ANOVA for each spore concentration. A '+' denotes a 

341 p:SO.05, and a '-' denotes p;;:d).05. 

342 

343 Figure 5: Recovery of Y. pestis A 1122 from four non-porous surfaces 

344 (A) Sample collection of Y. pestis A 1122 cells (106
, 104

, and 0 cfu) was examined, as described 

345 in the legend to Fig. 3A. A ,*" denotes a significant difference (p:SO.05) between swab and wipe 

346 collection for an experimental condition. Data are an average of 4 independent samples, each of 

347 which was analyzed by qPCR 3 times, for a total of 12 replicates. 

348 (8) Pairwise comparisons of sample recovery between different surfaces, S-steel, a-glass, V

349 vinyl, and P- plastic, was analyzed using ANOV A for each cell concentration. A '+' denotes a 

350 psO.05, and a '-' denotes p;;:d).05. 
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351 

352 Figure 6: Recovery of Y. pestis C092 from four non-porous surfaces 

353 (A) Sample collection of Y. pestis C092 cells (106
, 104

, and 0 cfu) was examined, as described 

354 in the legend to Fig. 3A. A '*" denotes a significant difference (psG.05) between swab and wipe 

355 collection for an experimental condition. Data are an average of 4 independent samples, each of 

356 which was analyzed by qPCR 3 times, for a total of 12 replicates. 

357 (B) Pairwise comparisons of sample recovery between different surfaces, S-steel, G-glass, v

358 vinyl, and P- plastic, were analyzed using ANOV A for each cell concentration. A '+' denotes a 

359 psO.05, and a '-' denotes p;::0.05. 

360 

361 Figure 7: Comparison of sample recovery for Y. pestis C092 in a dried or liquid state 

362 Y. pestis C092 cells (104 and 106
) were placed in a either a closed (liquid) or open (dried) 

363 microcentrifuge tube for 24 hrs. Cells were then lysed, and extracted DNA was analyzed by 

364 qPCR. The '0' is a negative control that contains no cells. Comparison of CT values were 

365 significant (p:S0.05) between liquid and dried states for both 104 and 106 Y. pestis cells. The data 

366 are an average of three replicate qPCR analyses. 

367 

368 
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