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Abstract
After a bioterrorism incident, surface sampling is often used to determine the extent of contamination and exposure, guiding decontamination efforts and decisions for re-occupancy of affected sites. The sponge-stick (SS) is a preferred and commonly used device for sample collection to detect both spore-forming and non-spore-forming biothreat agents from non-porous surfaces. A recently developed high-throughput method (HTM) for processing SS samples to detect viable Bacillus anthracis spores was adapted for detection of non-spore-forming biothreat agents, Yersinia pestis and Francisella tularensis. The scalable HTM was used to process up to 20 SS samples simultaneously, compared to the current stomacher-based method which processes one SS at a time. Comparisons of the HTM and the stomacher-based method were statistically indistinguishable for most experiments (P > 0.05) with HTM recoveries of 37-60% for Y. pestis inoculated at 102-103 cells/SS and held 48 hours at 4°C to mimic sample transport/storage. The HTM was integrated with Rapid Viability-Polymerase Chain Reaction (RV-PCR) analysis to detect viable Y. pestis in the presence of particulate contamination (Arizona Test Dust, ATD). This approach detected Y. pestis inoculated at 20 cells/SS and ATD did not impact detection (P > 0.05). F. tularensis showed significantly lower recoveries between no-hold time and 48-hour hold time (4°C, P < 0.05) using the HTM, which further testing showed could be due to toxicity of the neutralizing buffer used for SS pre-wetting. With modifications, this method could enhance throughput capacity while maintaining similar recovery efficiencies to current methods for other non-spore-forming bacterial pathogens.
Keywords
Yersinia pestis, Francisella tularensis, high-throughput sample processing, sponge-stick samples, vegetative bacterial cells, cell viability
Highlights
· A high-throughput method (HTM) for sponge-stick (SS) sample processing was adapted for a non-spore-forming biothreat agent.
· The HTM can simultaneously process 20 SS samples in 2-3 hours, compared to 4-5 hours for the stomacher-based method.
· HTM recovery of Y. pestis was comparable to the traditional stomacher-based method (~40% recovery) for low cell levels (102 cells/SS).
· The HTM was integrated with Rapid Viability-Polymerase Chain Reaction (RV-PCR) analysis, detecting as few as ~20 Y. pestis cells/SS.
· F. tularensis recovery was poor (≤ 32%) due in part to incompatibility with the SS pre-wetting buffer.
1. Introduction
The sponge-stick is a preferred and commonly used device for collection of samples from non-porous surfaces to detect the presence of spores of Bacillus anthracis, the causative agent for anthrax (CDC, 2012) and assess the extent of contamination and decontamination efficacy.  The national validation of the sponge-stick processing method established sponge-stick-based sampling as a reliable method for B. anthracis spores (Rose et al., 2011).  In this study, sponge-sticks were processed one at a time in a sterile, plastic Stomacher bag with large volume of buffer (90 mL) using a Stomacher 400 Circulator (Seward, Bohemia, NY).  The method was later updated to use 45 mL buffer for spore recovery, although the other steps remained unchanged (Chan-Riley et al., 2024).  We recently developed a HTM for simultaneously processing multiple sponge-stick samples to detect viable B. anthracis spores (Brisson et al., 2025) that can help expedite analysis of a large number of samples expected from a potential wide-area anthrax bioterrorism incident.  The HTM using only 35 mL of extraction buffer gave B. anthracis Sterne spore recoveries (57 – 74%) which is comparable to that from the traditional stomacher-based sponge-stick processing method (56 – 79%) (Brisson et al., 2025).  Given the high level of B. anthracis persistence under various environmental stressors (heat, desiccation, UV irradiation, etc.) due to its spore formation (Setlow, 2006; 2007), this study was conducted to evaluate the HTM for recovery of less resilient, non-spore-forming biothreat agents such as Y. pestis and F. tularensis.  

Both Y. pestis and F. tularensis are Tier 1 Select Agents that pose a severe threat to human health (CDC, 2025) and are a bioterrorism risk to national security.  Y. pestis, the bacterium that causes plague, was responsible for multiple pandemics (Riedel, 2005) including more recent outbreaks between 2017 and 2024 in Africa (World Health Organization, 2017; CBRNe World, 2024).  The bacterium is considered a high-consequence biological weapon (Inglesby et al., 2000) which could be especially dangerous if used in an aerosol attack (Hoffman and Norton, 2000).  F. tularensis causes tularemia, a serious debilitating disease, with a low infective dose (1–10 cells; Jones et al., 2005; Saslaw et al., 1961) and high morbidity and mortality.  These features led this bacterium to be considered a high-consequence biological weapon (Dennis et al., 2001) with national security concerns over its potential use as a bioterrorism agent (Oyston et al., 2004; Mierzynska et al., 2002; Nelson and Sjöstedt, 2024). 

Both Y. pestis and F. tularensis have been shown to survive for several days on various surfaces under certain environmental conditions (Wilkinson, 1966; Rose et al., 2003; US EPA, 2010), including persistence to 99 days under low temperature and low humidity conditions (US EPA, 2015).  However, since environmental persistence is significantly lower for these agents compared to Bacillus spores that can persist for several years, fewer studies have focused on surface sampling methods for non-spore forming pathogens.  Aslett et al. (2024) recently evaluated different sponge-stick types for recovery of surrogates (Escherichia coli, Yersinia ruckeri, and Serratia marcescens) of non-spore forming pathogens (Brucella abortus, B. melitensis, B. suis, Vibrio cholerae, and Y. pestis) from non-porous surfaces using a Stomacher for sample processing and observed higher cell recovery efficiencies for the Solar-Cult® sponge-stick compared to the San-StickÒ or 3MÔ sponge-wipes, with the least variability across surface types (stainless steel, plastic, and glass).  In addition, the Solar-Cult® sponge-stick has a quick sponge release handle which is preferred by field sampling personnel.  Therefore, using this sampling device, we adapted the high-throughput 50-mL tube vortexing method for sponge-stick samples (Brisson et al., 2025) for non-spore forming biothreat agents, using avirulent and live vaccine strains, and compared this method with the traditional stomacher-based method (Rose et al., 2011; US EPA, 2016) for cell recovery.  This study also showed that the high throughput method could be readily applied to Y. pestis cells—with comparable results between both sample processing methods—while additional method modification/optimization will be required for its application to F. tularensis cells. 

2. Materials and Methods
2.1 Y. pestis and F. tularensis Cultures and Growth Media
Y. pestis strain K25 Derivative 72 (D72; Cat. No. NR-4697) and F. tularensis subsp. holarctica Live Vaccine Strain (LVS; Cat. No. NR-646) were obtained from Biodefense & Emerging Infections Research Resources Repository (Manassas, VA).  For liquid cultivation, Y. pestis K25 D72, an avirulent strain lacking the pCD1 plasmid, was grown on Y. pestis Enrichment Broth (YPEB) (EPA, 2016; Kane et al., 2019), and the avirulent F. tularensis (LVS) was grown in Brain Heart Infusion Broth with Vitox/Fildes/Histidine supplements (BVFH) prepared as described previously (Morris et al., 2017; Shah, 2019).  For cultivation on solid medium, Y. pestis was grown on Tryptose Blood Agar Base (TBAB) plates without blood prepared from Difco TBAB powder (Becton Dickinson, Cat. No. 223220) and F. tularensis was grown on Chocolate Agar (CA) plates (Hardy Diagnostics, Cat. No. E14BX).
Freezer stocks were prepared for each strain by first reviving the strain in liquid media and dilution plating on solid media to obtain isolated colonies.  For each strain, a single colony was collected on an inoculation loop, inoculated into liquid media, and incubated overnight (18 to 24 hours) at 28°C and 37°C for Y. pestis and F. tularensis, respectively.  The overnight cultures were aliquoted into 2-mL cryotubes (0.5 mL of culture in each).  Next, 0.5 mL of 30% (by volume) glycerol in water was added and the tube was mixed gently prior to storing at -80 °C.  These freezer stocks were used for all subsequent experiments.
2.2 High-throughput Cell Recovery
2.2.1. Impacts of Vortexing on Cell Viability
Since the high throughput sponge-stick processing method was originally developed for spores (Brisson et al., 2025) and vegetative cells are more susceptible to damage than spores, we first conducted experiments to determine the impact of vortexing on cell viability by inoculating cells into buffer (Phosphate Buffered Saline with 0.05% Triton X-100 [PBSTX] for Y. pestis, and phosphate buffered saline [PBS] for F. tularensis) and vortexing at either half maximum speed or maximum speed for 5 minutes (3 replicates per speed) and comparing viable cell counts to non-vortexed controls (3 replicates).
2.2.2 Preparation of Sponge-Sticks
To prepare inoculum for each experiment, one aliquot of the appropriate freezer stock was thawed.  Two 50-mL tubes were prepared with 4.5 mL liquid growth media, and each tube was inoculated with 0.5 mL of the thawed freezer stock.  Inoculated tubes were incubated at 28°C for Y. pestis and 37°C F. tularensis with shaking (200 RPM) overnight (18 to 24 hours). The optical density at 600 nm (OD600) of the overnight culture was measured, and the culture was diluted in buffer (PBSTX for Y. pestis, and either PBSTX or PBS for F. tularensis) to achieve an OD600 of approximately 0.10.  PBSTX was tested for swab samples containing Y. pestis cells showing good maintenance of cell viability (US EPA, 2012; Gilbert et al., 2014); however, this buffer had not been tested with F. tularensis previously.  This cell suspension was further diluted to achieve the desired inoculum concentration (101 to 104 cells per 100 µL depending on the experiment).  To determine the inoculum concentration for each experiment, the inoculum cell suspensions, or dilutions thereof, were plated in triplicate on agar plates (100 µL per plate, TBAB for Y. pestis and CA for F. tularensis) and incubated at the appropriate temperature.  Colonies were counted after either 48 hours (Y. pestis) or 72 hours (F. tularensis) to determine the inoculum levels as colony forming units (CFU) per SS.
Sponge-sticks (Solar-Cult®, Hardy Diagnostics, Cat. No. SH10NB1; prewet with 10-mL Neutralizing Buffer) were inoculated by adding 100 µL of cell suspension across both sides of the sponge in a dropwise manner (50 µL on each sponge side).  For some experiments Arizona Test Dust (ATD) was added to samples to simulate interference from environmental sampling.  A 10 mg/mL suspension of non-sterile ATD was prepared in sterile water, and 200-µL of this suspension (containing 2 mg ATD) was distributed across each sponge in a dropwise manner (with ~100-µL per side).  Prepared sponges were deposited in sterile specimen cups, and 5 mL of Neutralizing Buffer (NB) was added to each cup to minimize cell desiccation. Specimen cups were closed, sealed with parafilm, and stored in a sealed plastic bag at 4°C for approximately 48 hours to simulate the expected holding time between sponge-stick sample collection and processing for analysis. For some experiments, additional sponges were prepared and processed immediately (without the 48-hour hold time) in order to assess the impacts of hold time on recovery of viable cells. For all experiments, 3 to 5 replicate sponges were prepared for each experimental condition, and at least 2 negative control (NC) sponges were also prepared.
2.2.3. Sponge-Stick Processing
Sponge-sticks were processed using a modified high throughput processing method originally developed for recovery of B. anthracis spores (Brisson et al, 2025) with the following modifications. First, different extraction buffers were used because the buffer used for recovering B. anthracis spores (70% Phosphate buffered saline with 0.05% Tween 20 [PBST], 30% ethanol) was not suitable for recovering viable vegetative cells.  Instead, phosphate-buffered saline with 0.05% Triton X-100 (PBSTX) was used for recovery of Y. pestis and phosphate buffered saline (PBS) was used for recovery of F. tularensis; PBSTX was shown to inhibit F. tularensis growth (data not shown).  Additionally, the initial cell extraction buffer volume was reduced from 25 mL to 20 mL to accommodate the 5 mL NB added to the sponges in the specimen cups to help maintain higher moisture conditions.  After the sponge was transferred to the 50 mL tube for the first extraction, the remaining NB in the specimen cup was transferred to the same tube.    
2.2.4. Viable Cell Recovery Analysis
Recovery of viable cells was quantified by serial dilution plating of the recovered cell suspension using the same buffer as that for cell recovery (PBSTX or PBS depending on the experiment).  Dilutions were plated in triplicate (100 µL per plate) onto the appropriate solid medium (TBAB for Y. pestis; CA for F. tularensis), and plates were incubated (28 °C for Y. pestis; 37 °C F. tularensis).  After incubation (48 hours for Y. pestis; 72 hours for F. tularensis), colonies were counted to determine CFU and calculate recovery percentages.
In addition, Rapid Viability – Polymerase Chain Reaction (RV-PCR) analysis was integrated as an alternative analysis method providing higher throughput and more rapid results than culture analysis. RV-PCR was conducted only with Y. pestis because of poor recovery of F. tularensis in initial experiments (see Results).  While RV-PCR is a qualitative method, a 101-cell level (10–99 cells) sensitivity of detection was demonstrated for virulent Y. pestis in water samples even with complex backgrounds (PCR inhibitors, metal oxides, background microbes) and in the presence of dead target cells (Kane et al., 2019).  Here, we used RV-PCR to analyze the cell suspension recovered from sponge-stick sample processing.  Specifically, the volume of the recovered cell suspension was measured, and PBSTX was added to increase the sample volume to 2.7 mL. In a sterile 48 well deep-well plate, one well per sample was prepared with 0.3 mL of sterile 10xYPEB. Samples were transferred to the prepared wells and mixed gently with the pipette tip. A T0 sample (500 µL) from each well was immediately collected and centrifuged at 14,000 rpm at 4°C for 10 min to pellet the cells. Supernatant (300 µL) was removed, and the remaining sample was frozen and stored at -20 °C until DNA extraction (up to 1 week). The well plate was sealed with a Breath-Easy membrane and incubated at 28 °C with shaking (200 rpm) for 24 hours.  After incubation, the plate was unsealed and two T24 samples (500 µL each) were collected from each well and centrifuged at 14,000 rpm at 4°C for 10 min to pellet the cells. Supernatant (300 µL) was removed, and the remaining sample was frozen and stored -20 °C until DNA extraction.  DNA was extracted using the Promega MagneSil® kit (Promega, Cat. No. MD1360) with modifications to the manufacturer’s protocol as previously described (Shah, 2017; Brisson et al., 2025).
The chromosomal assay YC2 was used on triplicates of each undiluted sample or NC DNA extract (Kane et al., 2019), with T0 and T24 aliquots from the same sample or NC analyzed on the same PCR plate.  Each plate included 10-fold serial dilutions (5 ng to 5 pg genomic DNA) of Y. pestis Strain K25 D72 genomic DNA obtained from BEI Resources (Cat. No. NR-4721, Lot No. 57988653) and a no-template control (Nuclease-Free Water).  Each DNA dilution (5 mL) was added to 20 mL of PCR mix containing the following: 12.5 ml of TaqMan 2´ Universal PCR Master Mix (Applied Biosystems, Cat. No. 4305719), 0.4 mL of 4 mM probe, 0.5 mL of 10 mM each for the forward and reverse primers, and 6.1 mL Nuclease-Free Water (Invitrogen).  PCR was performed on T0 and T24 DNA extracts using the ABI 7500 Fast platform (Applied Biosystems) in fast mode with the following parameters: 2 min at 50°C, 10 min at 95°C, followed by 45 amplification cycles (5 s at 95°C for denaturation and 20 s at 60°C for annealing/extension) as previously established (Kane et al., 2019).  Three replicate PCR analyses were conducted per sample or NC extract replicate. The assay primers and probe for the YC2 chromosomal assay were (5’ to 3’):
· [bookmark: Rapid-viability_PCR_method][bookmark: Y._pestis_CO92_real-time_PCR_analysis][bookmark: _bookmark1][bookmark: _bookmark0]YC2 Forward Primer: CAACGACTAGCCAGGCGAC
· YC2 Reverse primer: CATTGTTCGCACGAAACGTAA
· YC2 Probe: FAM- TTTTATAACGATGCCTACAACGGCTCTGCAA-BHQ1  

[bookmark: _MON_1471543536]2.3. Conventional Stomacher Method for Sponge-Stick Processing
The Stomacher method for sponge-stick samples (EPA, 2016) was followed using a Stomacher® 400 Circulator (Seward Cat. No. 0400/001/AJ).  Briefly, each inoculated sponge was transferred with forceps to a Stomacher bag (Seward, Cat. No. BA6141/CLR) and any remaining liquid in the specimen cup was also transferred to the corresponding bag.  Then, 90 mL of sterile PBST was added to the bag using 50-mL serological pipets, the top of the stomacher bag was closed using the whirl-pack type closure, and the bag was placed into the Stomacher.  The bag was processed at 200 rpm for 1 min at room temperature and then removed and left to settle for 10 min to allow the foam to dissipate.  The sponge was then removed from the bag with a sterile forceps after squeezing out as much liquid as possible.  The bag contents were then mixed by 50-mL serological pipet and transferred to two 50-mL conical tubes. 
To concentrate the cells, tubes were centrifuged at 4,000 RPM (3,220 ´ g) for 30 minutes at 4 °C.  The supernatant was carefully removed and discarded leaving the cell pellet and approximately 3 mL of buffer in each tube. The tubes were vortex-mixed on high setting for 2 min in 10-sec bursts to suspend the cell pellets.  The suspensions from the two tubes were combined into one tube and the volume was measured and recorded. The cell suspensions were plated on TBAB plates to determine CFUs as described for the HTM above. 

2.4 Data analysis
Cell counts (CFU) or percent recovery are reported as the average ± the standard deviation (SD) for three to five biological replicates per sample replicate.  Data for all individual replicates are included in the data tables. Within each experiment, two-tailed Student’s t-tests (two-sample equal variance) were used to test for significant differences between treatments in Microsoft Excel.  Individual P-values are shown, or the P-value is expressed as > 0.05 (statistically insignificant) or < 0.05 (statistically significant). When analyzing data from multiple replicate experiments, an analysis of variance (ANOVA) was conducted in R, using experiment number as an additional categorical variable.

For the statistical analysis of replicate culture or PCR analyses per sample replicate, the overall standard deviation from all sample replicates was calculated using the following equation, 


where ni = the number of cell counts or PCR analyses per sample for sample replicate i; si = the SD of the cell count or PCR (CT) values for the individual sample i; Xi = the average cell count or CT value for the individual sample i;  = the overall average cell count or CT value for the samples.

3. Results
3.1.  HTM for Processing Y. pestis Inoculated Sponge Sticks 
3.1.1. Impacts of Vortexing on Cell Viability  
We found that the viable cell recovery was comparable (P > 0.05 for all pairwise comparisons) between no vortexing (5500 ± 1380 CFU), vortexing at half of maximum speed (5020 ± 2100 CFU), and vortexing at the maximum speed (5440 ± 790 CFU) (Table 1).  This experiment was repeated at a higher cell concentration (14200 ± 4000, 15800 ± 3000, and 14700 ± 2200 CFU for no vortexing, half speed, and full speed vortexing, respectively) with similar results (P > 0.05 for all pairwise comparisons).  Based on these results, we selected the maximum vortexing speed for subsequent experiment with Y. pestis.
3.1.2. Recovery from Sponge-Sticks at Different Hold Times
We conducted experiments to determine the recovery of Y. pestis at the 103-cell level. The cell recovery was 80% ± 14% (1660 ± 290 CFU) for the samples processed immediately after inoculation and 37% ± 7% (760 ± 150 CFU) for the samples processed after 48 hours (Table 2).  This drop in viable cell recovery from the 0-hour to 48-hour samples was statistically significant (P = 0.011).  
This experiment was replicated with similar results, although the replicate experiment did not show statistically significant differences between the 0-hour and 48-hour samples (P = 0.12).  The inoculum concentrations for the replicate experiment was 1780 ± 160 per SS and the recovery was 61% ± 12% (1090 ± 210 CFU) for the samples processed immediately after inoculation and 80% ± 15% (1430 ± 260 CFU) for the samples processed after 48 hours (Table 2). Because the results of the first two experiments were variable (different trends and statistical significance in one experiment but not in another), we conducted a third experiment with inoculum level of 1,350 ± 80 CFU/SS and higher replication (5 replicates per hold time).  In this experiment, the recovery was 90% ± 26% (1210 ± 350 CFU) for samples processed immediately and 67% ± 19% (900 ± 260 CFU) for samples processed after 48 hours (Table 3).  These differences were not statistically significant (P = 0.052).  
Because the results were variable between replicated experiments, we conducted an ANOVA of the combined data, which indicated that there was a small but statistically significant (P = 0.007) reduction in recovery with the 48-hour hold-time (62% ± 20% vs. 80% ± 24%).  Based on these results, and the expectation that real world samples would require a transport time of approximately 48 hours, all subsequent experiments for recovery of Y. pestis cells from SS were conducted with a 48-hour hold time.
3.1.2. Comparison of High-throughput and Traditional Stomacher Sample Processing Methods
We compared recovery of viable Y. pestis cells from sponge-sticks between the HTM and the traditional stomacher-based processing method at two different inoculum concentrations, 102- and 103-cell levels. All samples were processed after a 48-hour hold time at 4°C. The 102-cell level was 340 ± 30 CFU/SS and the 103-cell level was 3410 ± 320 CFU/SS.  For the 102-cell level, the recoveries of the two methods were not statistically different (P = 0.99). The high throughput method recovered 40% ± 5% (136 ± 16 CFU) and the stomacher method recovered 40% ± 1% (135 ± 4 CFU) (Table 3).  For the 103-cell level, the high throughput method recovered 37% ± 9% (1250 ± 290 CFU) and the stomacher method recovered 52% ± 9% (1780 ± 320 CFU) (Table 3).  This difference was statistically significant (P = 0.045). 
This experiment was replicated with similar results.  In the replicate experiment the 102-cell level was 190 ± 15 CFU/SS, and the 103-cell level was 1900 ± 150 CFU/SS.  For the 102-cell level, the recoveries of the two methods were not statistically different (P = 0.31). The HTM recovered 39% ± 7% (74 ± 14 CFU) and the stomacher method recovered 54% ± 26% (103 ± 50 CFU) (Table 3).  For the 103-cell level, the high throughput method recovered 48% ± 8% (920 ± 150 CFU) and the stomacher method recovered 72% ± 10% (1370 ± 260 CFU) (Table 6). This difference was statistically significant (P = 0.0056). 
To further evaluate the two methods given this statistically significant result (Table 3), the comparison experiment was replicated a third time. In this third experiment, the 102-cell level was 371 ± 12 CFU/SS and the 103-cell level was 3710 ± 120 CFU/SS.  For the 102-cell level , the recoveries of the two methods were not statistically different (P = 0.13). The HTM recovered 40% ± 4% (150 ± 14 CFU) and the stomacher method recovered 52% ± 12% (192 ± 46 CFU) (Table 3).  For the 103-cell level, the HTM recovered 60% ± 6% (2230 ± 230 CFU) and the stomacher method recovered 67% ± 12% (2500 ± 460 CFU) (Table 3). This difference was not statistically significant (P = 0.30).  
Because there was some variability between results of replicate experiments, we conducted an ANOVA of the combined data. This analysis indicated that there was no significant difference between the HTM and the stomacher method for the 102-cell level (P = 0.07), but for the 103-cell level there was statistically (P = 0.0015) lower recovery with the HTM compared to the stomacher method (49% ± 12% vs. 64% ± 17%).
3.1.3 Integration with RV-PCR for Detection from Complex Samples
We conducted an experiment to integrate our high throughput sponge-stick processing method with the RV-PCR analysis method in the presence of non-sterile Arizona test dust (ATD) as an environmental interference matrix (Table 4).  This experiment was conducted at two inoculum levels: 220 ± 20 CFU/SS and 19 ± 6 CFU/SS. For the 102-cell level, the average DCT values (difference between CT of T0 and T24 for given SS sample) were 11.7 ± 1.9 and 13.2 ± 2.1 for samples with and without ATD, respectively.  For the 101-cell level, the average DCT values were 14.5 ± 1.5 and 11.4 ± 4.2 for samples with and without ATD, respectively.  A positive detection result is indicated by DCT ³ 6. All individual samples except one (a 101-cell level sample without ATD) met this threshold for positive detection, and all negative controls yielded non-detect results.  There was no statistical difference between DCT values with and without ATD for either inoculum level (P = 0.439 for the 102-cell level and P = 0.150 for the 101-cell level).
This experiment was replicated with similar results (Table 5).  The inoculum levels in the replicate experiment were 235 ± 22 CFU/SS and 22 ± 7 CFU/SS. For the 102-cell level, the average DCT values (difference between CT values for T0 and T24 aliquots for a given SS sample) were 16.4 ± 2.7 and 15.6 ± 1.9 for samples with and without ATD, respectively.  For the 101-cell level, the average DCT values were 11.0 ± 4.3 and 11.3 ± 3.3 for samples with and without ATD, respectively.  As with the previous experiment, there was no statistical difference between DCT values with and without ATD for either inoculum level (P = 0.759 for the 102-cell level and P = 0.926 for the 101-cell level). These data show that RV-PCR analysis can be integrated with our high throughput SS processing method for Y. pestis and that ATD did not negatively affect RV-PCR analysis. 
3.2. HTM for Processing F. tularensis Inoculated Sponge Sticks
3.2.1. Impacts of Vortexing on Cell Viability  
We conducted experiments to determine the impacts of vortexing on cell viability by diluting F. tularensis cells in PBS buffer and vortexing at either maximum speed or half maximum speed for 5 minutes and comparing viable cell counts to non-vortexed controls. The final viable cells recovered were comparable (P > 0.05 for all comparisons) between no vortexing (15400 ± 1600 CFU), vortexing at half maximum speed (16400 ± 1400 CFU), and vortexing at maximum speed (15800 ± 1500 CFU) (Table 6).  This experiment was replicated with similar results (11700 ± 1100, 11800 ± 1800, and 11900 ± 1200 CFU for no vortexing, half speed, and full speed vortexing) (P >. 0.05 for all pairwise comparisons).  Based on these results, we selected the maximum vortexing speed for subsequent experiments with F. tularensis.
3.2.2. Recovery from Sponge-Sticks at Different Hold Times
We conducted experiments to determine the recovery of F. tularensis cells added to sponges at different inoculum levels and processed either immediately after SS inoculation (0 hour hold time) or after 48 hours at 4 °C.  The inoculum level for this experiment was 2130 ± 80 CFU/SS and cell recovery was 83% ± 10% (1760 ± 220 CFU) for the samples processed immediately after inoculation and 32% ± 20% (670 ± 420 CFU) for the samples processed after 48 hours (Table 7).  The drop in recovery from the 0-hour to 48-hour samples was statistically significant (P = 0.016).  
This experiment was replicated with similar results.  The inoculum level for the replicate experiment was 1880 ± 250 CFU/SS and recovery was 67% ± 11% (1270 ± 200 CFU) for the samples processed immediately after inoculation and 9% ± 7% (160 ± 140 CFU) for the samples processed after 48 hours (Table 7).  This drop in recovery from the 0-hour to 48-hour hold-time samples was again statistically significant (P = 0.0005).
3.2.1. Impacts of Different Buffers on Cell Viability
Because the viability of the F. tularensis cells dropped dramatically with the 48-hour hold time at 4 °C, we conducted another experiment to determine whether the NB (as pre-wetting buffer with the SS and added here to maintain moisture during the hold time) was negatively impacting cell viability. For this experiment, we inoculated F. tularensis cells into 10 mL of either NB or PBS and determined viable cell concentrations immediately and after a 48-hour hold time at 4 °C.  The inoculum level for this experiment was 2080 ± 250 CFU.  For samples in NB, viable cell recoveries were 2210 ± 690 CFU and 1400 ± 470 CFU for the 0-hour and 48-hour hold times, respectively (Table 8).  For samples in PBS, viable cell recoveries were 2540 ± 690 CFU and 2180 ± 530 CFU for the 0-hour and 48-hour hold times, respectively.  The reduced recovery after 48-hours at 4 °C was statistically significant in NB (P < 0.0001) but was not statistically significant in PBS (P = 0.45).  This experiment was replicated with similar results.  The inoculum level for the replicate experiment was 2270 ± 290 CFU. For samples in NB, viable cell recoveries 2070 ± 360 CFU and 1170 ± 360 CFU for the 0-hour and 48-hour hold times, respectively.  For samples in PBS, viable cell recoveries were 2520 ± 490 CFU and 2340 ± 630 CFU for the 0-hour and 48-hour hold times, respectively.  The reduced recovery after 48-hours was statistically significant in NB (P = 0.011) but was not statistically significant in PBS (P = 0.24).  
4. Discussion
Here, we describe a high-throughput sample processing method for detection of Y. pestis cells and other non-spore-forming bacterial pathogens from the sponge-stick sampling device that was adapted from that for B. anthracis spores (Brisson et al., 2025).  The method is scalable and could process 24 sponge-stick samples simultaneously (2-3 hours total processing time per sample set) using a multi-plate vortexer compared to one sponge-stick at a time for the current stomacher-based method (4-5 hours total processing time per sample set). Use of an orbital shaker (along with a higher capacity centrifuge) as described for B. anthracis spores (Brisson et al., 2025), could further enhance sample throughput. In comparison testing (ANOVA), the HTM showed similar cell recoveries to the stomacher-based method using Y. pestis cells added to sponge-sticks with no statistically significant differences between cell recovery percentages for the 102-cell level and slightly reduced recoveries for the 103-cell level.  
The same features of the B. anthracis high-throughput sample processing method apply here including significantly lower extraction buffer volume used (35-mL compared to 90-mL for the stomacher-based method) resulting in less generated waste and shorter centrifugation times (i.e., fewer tubes for centrifugation), and thus shorter overall processing time. Furthermore, there is no need for specialized equipment (i.e., Stomacher), and standard laboratory equipment could be used for sample processing, either a multi-plate vortexer or orbital shaker. 
Experiments were also conducted to determine the effect of holding Y. pestis-spiked sponge-sticks for 48-hours at 4°C to mimic sample shipment and storage prior to analysis. Sponge-sticks come pre-wet with 10-mL NB (from the vendor) for surface sampling.  Here, after adding Y. pestis cells to sponges and placing them in specimen cups, 5-mL NB was added to the cup to maintain moist conditions and cell viability.  This buffer addition prior to sample storage is not currently included in the protocol for Y. pestis sampling (US EPA, 2016), although specimen cups used for sample collection may be pre-filled with NB.  Both NB and PBSTX (used for extraction) were shown to be compatible with Y. pestis cell viability maintenance for swab samples (Gilbert et al., 2014). However, unlike swab samples, sponges in specimen cups could not be submerged in buffer to maintain saturation conditions, likely causing more variability in Y. pestis cell recovery in this study.  In general, lower cell recovery was observed after the 48-hour hold; however, results were not statistically significant, and one experiment showed the opposite trend.  
While the sponge-stick sample processing method could be readily adapted for Y. pestis (avirulent D72 strain) cells, our preliminary results showed that additional method modifications would be required to obtain similar performance for F. tularensis cells.  F. tularensis (LVS) cell recovery from sponges after storage at 4 °C for 48-hours was poor with values ranging from 5% to 32%.  An initial trouble-shooting experiment showed that NB as a pre-wetting and storage buffer for sponges likely contributed to some cell viability loss due to toxicity, although additional changes may be needed to keep sponges saturated in a compatible buffer prior to processing.  Placing sponges directly into PBS transport medium may help maintain F. tularensis cell viability; however, this may be challenging during field sampling, sample transport, and storage prior to analysis. 
5. Conclusions
In summary, this effort represents significant improvements in throughput capacity, ease of use, and time for processing for our HTM compared with the traditional stomacher method with similar Y. pestis cell recovery efficiency.  Furthermore, the high throughput method was used effectively as the front-end processing protocol for RV-PCR analysis with no observed effect of ATD on sensitivity of detection. Future testing could assess method performance with higher levels and different types of environmental interferents.  Preliminary results with F. tularensis LVS cells showed that method modifications are required to maintain cell viability toward development of such a high-throughput sample processing method.  These results suggested that each non-spore-forming bacterial pathogen may have specific requirements for method optimization.  Higher throughput methods such as that described here will help expedite analysis of a large number of samples expected from a potential wide-area bioterrorism incident to rapidly assess contamination extent and pathogen exposure risk.  
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Tables
Table 1. Recovery of viable Y. pestis cells after vortexing at different speeds. 
	Experiment
	Condition
	
Total CFUs Recovered
Avg. ± SDa
	Pairwise T-test P-values
Compared to:

	
	
	
	No Speed
	Half Speed
	Top Speed

	Initial Experiment
	No (Speed) Vortexing
	5610 ± 1510
	NA
	0.58
	0.92

	
	
	5770 ± 440
	
	
	

	
	
	5100 ± 2190
	
	
	

	
	Avg. ± Overall SD
	5500 ± 1380
	
	
	

	
	Half Speed Vortexing
	7530 ± 1400
	0.58
	NA
	0.76

	
	
	3350 ± 950
	
	
	

	
	
	4180 ± 150
	
	
	

	
	Avg. ± Overall SD
	5020 ± 2100
	
	
	

	
	Top Speed Vortexing
	5190 ± 810
	0.92
	0.76
	NA

	
	
	5690 ± 730
	
	
	

	
	
	5440 ± 1050
	
	
	

	
	Avg. ± Overall SD
	5440 ± 790
	
	
	

	Replicate Experiment
	No (Speed) Vortexing
	16800 ± 3100
	NA
	0.36
	0.78

	
	
	10200 ± 1700
	
	
	

	
	
	15700 ± 3500
	
	
	

	
	Avg. ± Overall SD
	14200 ± 4000
	
	
	

	
	Half Speed Vortexing
	12400 ± 500
	0.36
	NA
	0.61

	
	
	16100 ± 1600
	
	
	

	
	
	18800 ± 800
	
	
	

	
	Avg. ± Overall SD
	15800 ± 3000
	
	
	

	
	Top Speed Vortexing
	16200 ± 1400
	0.78
	0.61
	NA

	
	
	13600 ± 2400
	
	
	

	
	
	14200 ± 2200
	
	
	

	
	Avg. ± Overall SD 
	14700 ± 2200
	
	
	



a The average (Avg.) and standard deviation (SD) are based on triplicate dilution plating for each triplicate sample for each vortexing condition.  Total CFU are determined from a total sample volume of 25.1 mL. The Overall SD is calculated for the Avg. CFU per vortexing condition as described in the Materials and Methods section. Negative controls showed non-detect results (data not shown).

Table 2. Recovery of viable Y. pestis cells from SS inoculated at the 103-cell level (2100 ± 100 CFU/SS for Experiment 1, 1780 ± 160 CFU/SS for Experiment 2, and 1350 ± 80 CFU/SS for Experiment 3) after no-hold time and 48-hour hold time at 4°C. 
	Hold Time
	Sample Replicate
	Total CFUs Recovereda

	
	
	Expt. 1
	Expt. 2
	Expt. 3

	0-Hour Hold
	1
	1390 ± 150
	1130 ± 200
	1110 ± 370

	
	2
	2000 ± 70
	1220 ± 110
	1500 ± 300

	
	3
	1600 ± 130
	910 ± 230
	950 ± 150

	
	4
	-
	-
	970 ± 140

	
	5
	-
	-
	1540 ± 320

	
	Avg. ± SD
	1660 ± 290
(80% ± 14%)
	1090 ± 210
(61% ± 12%)
	1210 ± 350
(90% ± 26%)

	48-Hour Hold
	1
	780 ± 70
	1720 ± 200
	990 ± 210

	
	2
	910 ± 40
	1330 ± 80
	830 ± 270

	
	3
	580 ± 50
	1240 ± 150
	1060 ± 80

	
	4
	-
	-
	780 ± 230

	
	5
	-
	-
	820 ± 100

	
	Avg. ± SD
	760 ± 150
	1430 ± 260
	900 ± 260

	
	
	(37% ± 7%)
	(80% ± 15%)
	(67% ± 19%)

	T-test
	
	P = 0.011
	P = 0.119
	P = 0.052


a The average (Avg.) is based on triplicate samples for Experiments 1 and 2 and five replicate samples for Experiment 3.  Plate counts from replicate 100-µL aliquots were averaged and multiplied by the total volume recovered for each sample (ranging from 1.7-3.3 mL) to determine the “Total CFUs Recovered”. Each sample replicate shows the Avg. Total CFUs Recovered ± one standard deviation (SD). The Overall SD is calculated as described in the Materials and Methods section for the Avg. CFU recovered per hold-time treatment. Negative controls showed non-detect results (data not shown).


Table 3. Recovery of viable Y. pestis cells from SS inoculated at 102-cell and 103-cell levels. 
	Experiment
	Method
	Total CFUs Recovered

	
	
	102-cell levela
	103-cell levelb

	Experiment 1
	High Throughput Method 
	130
	1530 ± 80

	
	
	157
	870 ± 260

	
	
	135
	1250 ± 180

	
	
	120
	1360 ± 40

	
	Avg. (SD)
	136 ± 16
(40% ± 5%)
	1250 ± 290
(37% ± 9%)

	
	Stomacher-Based Method
	137
	1590 ± 30

	
	
	--
	1580 ±110

	
	
	131
	2160 ± 20

	
	
	138
	1660 ± 440

	
	Avg. (SD)
	135 ± 4
(40% ± 1%)
	1780 ± 320
(52% ± 9%)

	
	
	P = 0.99
	P = 0.046

	Experiment 2
	High Throughput Method 
	93
	760 ± 40

	
	
	60
	990 ± 140

	
	
	67
	940 ±180

	
	
	76
	980 ±100

	
	Avg. (SD)
	74 ± 14
(39% ± 7%)
	920 ±150
(48% ± 8%)

	
	Stomacher-Based Method
	59
	1320 ± 160

	
	
	111
	1170 ± 280

	
	
	71
	1620 ± 800

	
	
	169
	1370 ± 210

	
	Avg. (SD)
	103 ± 50
(54% ± 26%)
	1370 ± 260
(72% ± 10%)

	
	
	P = 0.31
	P = 0.0057

	Experiment 3
	High Throughput Method 
	160
	2210 ± 160

	
	
	161
	1940 ± 260

	
	
	132
	2310 ± 230

	
	
	147
	2460 ± 230

	
	Avg. (SD)
	150 ± 14
(40% ± 4%)
	2230 ± 230
(60% ± 6%)

	
	Stomacher-Based Method
	126
	2230 ± 180

	
	
	200
	2280 ± 450

	
	
	231
	2370 ± 280

	
	
	211
	3110 ± 320

	
	Avg. (SD)
	192 ± 46
(52% ± 12%)
	2500 ± 460
(67% ± 12%)

	
	
	P = 0.13
	P = 0.30


a For the 102-cell level, the total volume of the final concentrate was distributed across 2 to 4 plates, and the total CFU recovery was determined as the sum of the CFU for all sample plates. The average (Avg.) is based on four replicate samples for each treatment except for Expt. 1 for the “Stomacher-Based Method” which is based on triplicate samples since one sample was lost during processing.  Each experiment shows the average total CFUs recovered (Avg.) ± one standard deviation (SD) for each method. The percent recovery is relative to the CFU of the inoculum (corrected for dilution).  For the 102-cell levels, the inocula were: 340 ± 30 CFU/SS for Experiment 1; 190 ± 20 CFU/SS for Experiment 2; and 370 ± 10 CFU/SS for Experiment 3.  One negative control plate (out of 6) in the first experiment had a single colony.  All other negative controls showed non-detect results (data not shown). 
b For the 103-cell level, plate counts from triplicate 100-µL aliquots were averaged and multiplied by the total volume recovered for each sample (ranging from 2.5-3.4 mL for the HTM and 2.9-6.4 mL for the stomacher method) to determine the “Total CFUs Recovered”, except for Expt. 3 for the “Stomacher-Based Method” which used four replicate plates (with 100 mL per plate) to calculate the average and standard deviation. The “SD” is the “Overall SD” described in the Materials and Methods section. The percent recovery is relative to the CFU of the inoculum (corrected for dilution). For the  103-cell level, the inocula were: 3410 ± 320 CFU/SS for Experiment 1; 1900 ± 150 CFU/SS for Experiment 2; and 3710 ± 120 CFU/SS for Experiment 3. Negative controls showed non-detect results (data not shown).



Table 4. RV-PCR analysis of two Y. pestis cell levels (220 ± 20 CFU and 19 ± 6 CFU) from the first replicate experiment of the HT SS sample processing method.
	Inoculum Level
	Treatment
	Sample Replicate
	Avg. (SD) CTa 
	Avg. (SD)b
DCT 

	
	
	
	T0
	T24
	

	220 ± 20 CFU

	With ATD
	1
	41.1 (0.7)
	27.9 (0.1)
	13.2 (0.7)

	
	
	2
	39.4 (1.1)
	28.9 (0.7)
	10.5 (1.3)

	
	
	3
	38.2 (0.1)
	28.3 (0.7)
	9.9 (0.7)

	
	
	4
	39.6 (2.3)
	26.6 (0.1)
	13.0 (2.3)

	
	
	Avg. 
(Overall SD)
	39.6 
(1.6)
	27.9 
(1.0) 
	11.7 
(1.9)

	
	Without ATD
	1
	41.3 (0.4)
	28.6 (0.4)
	12.7 (0.6)

	
	
	2
	41.7 (0.7)
	27.4 (0.3)
	14.3 (0.8)

	
	
	3
	40.7 (1.7)
	25.4 (0.6)
	15.3 (1.8)

	
	
	4
	37.2 (0.6)
	26.5 (1.0)
	10.7 (1.2)

	
	
	Avg. 
(Overall SD)
	40.2 
(2.0)
	27.0 
(1.3)
	13.2 
(2.1)

	19 ± 6 CFU
	With ATD
	1
	ND (NA)
	29.5 (0.5)
	15.5 (0.5)

	
	
	2
	ND (NA)
	32.4 (0.5)
	12.6 (0.5)

	
	
	3
	ND (NA)
	31.0 (1.6)
	14.0 (1.6)

	
	
	4
	ND (NA)
	29.1 (0.2)
	15.9 (0.2)

	
	
	Avg. 
(Overall SD)
	ND 
(NA)
	30.5 
(1.5)
	14.5 
(1.5)

	
	Without ATD
	1
	ND (NA)
	31.9 (0.8)
	13.1 (0.8)

	
	
	2
	38.7 (0.5)
	34.0 (1.4)
	4.7 (1.5)

	
	
	3
	ND (NA)
	31.9 (1.4)
	13.1 (1.4)

	
	
	4
	ND (NA)
	30.4 (0.3)
	14.6 (0.3)

	
	
	Avg. 
(Overall SD)
	43.4 
(2.9)
	32.0 
(1.6)
	11.4 
(4.2)



a “Avg.” indicates average and “SD” indicates standard deviation of triplicate PCR replicates for each replicate sample. “ND” indicates not detected and “NA” indicates not applicable.  To calculate DCT, samples with ND were set to “45” which was the number of PCR cycles used; the standard deviation was set to “0” for these samples to calculate the “Overall SD”.  Negative controls from duplicates with and without ATD addition showed non-detect results (data not shown).
b Standard deviation for Avg. DCT calculated as the indeterminate error for the difference Avg. CT (T0) – Avg. CT (T24), that is the square root (SQRT) of the sum of each standard deviation squared, i.e., SQRT[(SD T0)2 + (SD T24)2].

Table 5. RV-PCR analysis of two Y. pestis cell levels (235 ± 22 and 22 ± 7 cells) from the second replicate experiment of the HT SS sample processing method. 
	Inoculum Level
	Treatment
	Sample Replicate
	Avg. (SD) CTa
	Avg. (SD)b 
DCT

	
	
	
	T0
	T24
	

	235 ± 22 
CFU

	With ATD
	1
	40.1 (1.1)
	24.5 (0.2)
	15.6 (1.1)

	
	
	2
	38.3 (0.8)
	25.0 (0.1)
	13.3 (0.8)

	
	
	3
	ND (NA)
	28.5 (0.2)
	16.5 (0.2)

	
	
	4
	ND (NA)
	24.8 (0.3)
	20.2 (0.3)

	
	
	Avg. 
(Overall SD)
	42.1
(3.2)
	25.7
(1.7)
	16.4 
(2.7)

	
	Without ATD
	1
	41.4 (0.6)
	26.0 (0.2)
	15.4 (0.6)

	
	
	2
	ND (NA)
	26.4 (0.3)
	18.6 (0.3)

	
	
	3
	39.3 (0.1)
	25.2 (0.2)
	14.1 (0.2)

	
	
	4
	40.4 (0.5)
	26.1 (0.2)
	14.2 (0.5)

	
	
	Avg. 
(Overall SD)
	41.5
(2.3)
	25.9
(0.5)
	15.6 
(1.9)

	22 ± 7 
CFU
	With ATD
	1
	ND (NA)
	29.4 (0.1)
	15.6 (0.1)

	
	
	2
	ND (NA)
	30.3 (0.1)
	14.7 (0.1)

	
	
	3
	40.1 (1.1)
	33.0 (0.03)
	7.1 (1.1)

	
	
	4
	38.3 (0.9)
	31.5 (0.1)
	6.8 (0.9)

	
	
	Avg. 
(Overall SD)
	42.1 
(3.2)
	31.1 
(1.5)
	11.0 
(4.3)

	
	Without ATD
	1
	ND (NA)
	32.1 (0.1)
	12.9 (0.1)

	
	
	2
	ND (NA)
	34.1 (0.04)
	10.9 (0.04)

	
	
	3
	40.5 (0.9)
	34.0 (0.2)
	6.5 (0.9)

	
	
	4
	ND (NA)
	30.1 (0.2)
	14.9 (0.2)

	
	
	Avg. 
(Overall SD)
	43.9
(2.1)
	32.6
(1.7)
	11.3 
(3.3)


a “Avg.” indicates average and “SD” indicates standard deviation of triplicate PCR replicates for each replicate sample. “ND” indicates not detected and “NA” indicates not applicable.  To calculate DCT, samples with “ND” were set to “45” which was the number of PCR cycles used; the standard deviation was set to “0” for these samples to calculate the “Overall SD”. Negative controls from duplicates with and without ATD addition showed non-detect results (data not shown).
b Standard deviation for Avg. DCT calculated as the indeterminate error for the difference Avg. CT (T0) – Avg. CT (T24), that is the square root (SQRT) of the sum of the individual standard deviations squared, i.e., SQRT[(SD T0)2 + (SD T24)2]. 


Table 6. Recovery of viable F. tularensis cells after vortexing at different speeds. 
	Experiment
	Condition
	
Total CFUs Recovered
Avg. ± SDa
	Pairwise T-test P-values
Compared to:

	
	
	
	No Speed
	Half Speed
	Top Speed

	Initial Experiment
	No (Speed) Vortexing
	14200 ± 1600
	NA
	0.21
	0.49

	
	
	16100 ±1200
	
	
	

	
	
	15800 ±1500
	
	
	

	
	Avg. ± Overall SD
	15400 ± 1200
	
	
	

	
	Half Speed Vortexing
	17100 ± 2300
	0.21
	NA
	0.29

	
	
	15700 ± 600
	
	
	

	
	
	16400 ± 500
	
	
	

	
	Avg. ± Overall SD
	16400 ± 1400
	
	
	

	
	Top Speed Vortexing
	15500 ± 1900
	0.49
	0.29
	NA

	
	
	16300 ± 2200
	
	
	

	
	
	15700 ± 200
	
	
	

	
	Avg. ± Overall SD
	15800 ± 1500
	
	
	

	Replicate Experiment
	No (Speed) Vortexing
	11800 ± 320
	NA
	0.91
	0.70

	
	
	12400 ± 1200
	
	
	

	
	
	11000 ± 1200
	
	
	

	
	Avg. ± Overall SD
	11700 ± 1100
	
	
	

	
	Half Speed Vortexing
	11600 ± 1700
	0.91
	NA
	0.95

	
	
	13500 ± 1000
	
	
	

	
	
	10400 ± 800
	
	
	

	
	Avg. ± Overall SD
	11800 ± 1800
	
	
	

	
	Top Speed Vortexing
	11700 ± 600
	0.70
	0.95
	NA

	
	
	12000 ± 1800
	
	
	

	
	
	11900 ± 1200
	
	
	

	
	Avg. ± Overall SD 
	11900 ± 1150
	
	
	



a The average (Avg.) and standard deviation (SD) are based on triplicate dilution plating for each triplicate sample for each vortexing condition.  Total CFU are determined from a total sample volume of 10 mL. The Overall SD is calculated for the Avg. CFU per vortexing condition as described in the Materials and Methods section. Negative controls showed non-detect results (data not shown).




Table 7. Recovery of viable F. tularensis cells from SS inoculated at 103-cell levels (2130 ± 80 CFU/SS for Experiment 1 and 1880 ± 250 CFU/SS for Experiment 2) after 0-hour and 48-hour hold times at 4 °C. 
	Hold Time
	Total CFUs Recovereda

	
	Expt. 1
	Expt. 2

	0-Hour Hold
	1800 ± 220
	1210 ± 50

	
	1710 ± 350
	1410 ± 320

	
	1780 ±120
	1200 ± 130

	Avg. ± SD
	1760 ± 220
(83% ± 10%)
	1270 ± 200 
(67% ± 11%)

	48-Hour Hold
	300 ± 90
	310 ± 100

	
	1200 ± 40
	160 ± 0

	
	510 ± 130
	20 ± 20

	Avg. ± SD
	670 ± 420
	160 ± 140

	
	(32% ± 20%)
	(9% ± 7%)

	T-test
	P = 0.016
	P = 0.0005


a The average (Avg.) is based on triplicate samples for each hold-time treatment.  Plate counts from triplicate 100-µL aliquots per sample were averaged and multiplied by the total volume recovered for each sample (ranging from 2.4-3.4 mL) to determine the “Total CFUs Recovered”. Each sample replicate shows the Avg. Total CFUs Recovered ± one standard deviation (SD). The Overall SD is calculated as described in the Materials and Methods section for the Avg. CFU Recovered per hold-time treatment. Negative controls showed non-detect results (data not shown).



Table 8. Recovery of viable F. tularensis cells after 0-hour and 48-hour hold times at 4 °C in NB or PBS.  
	Hold Time
	Buffera
	Sample 
Replicate
	Total CFUs Recovered
Avg. ± SDb

	
	
	
	Expt. 1
	Expt. 2

	0-Hour Hold
	NB
	1
	2160 ± 850
	1890 ± 590

	
	
	2
	2220 ± 970
	2120 ± 0

	
	
	3
	2260 ± 460
	2190 ±310

	
	Avg. ± Overall SD
	2210 ± 690
	2070 ± 360

	
	PBS
	1
	2490 ± 250
	2420 ± 610

	
	
	2
	1990 ± 740
	2790 ± 620

	
	
	3
	3130 ± 560
	2360 ± 230

	
	Avg. ± Overall SD
	2540 ± 690
	2520 ± 490

	48-Hour Hold
	NB
	1
	1380 ± 560
	1040 ± 120

	
	
	2
	1350 ± 360
	940 ± 360

	
	
	3
	1480 ± 660
	1520 ± 270

	
	Avg. ± Overall SD
	1400 ± 470
	1170 ± 360

	
	PBS
	1
	2050 ± 410
	2360 ± 1210

	
	
	2
	2730 ± 180
	2360 ± 330

	
	
	3
	1750 ± 410
	2290 ± 60

	
	Avg. ± Overall SD
	2180 ± 530
	2340 ± 630

	T-test P-values 
(0- vs. 48-Hours)
	NB
	 < 0.0001
	0.011

	
	PBS
	0.46
	0.24



a NB = Neutralizing Buffer; PBS = Phosphate-buffered Saline. 
b The average (Avg.) is based on triplicate samples for each buffer and hold-time.  Plate counts from 100 µL aliquots of a total sample volume of 10 mL .Each replicate sample shows the Avg. Total CFU ± one standard deviation (SD). The Overall SD is calculated for the Avg. CFU per hold-time condition as described in the Materials and Methods section. Inoculum levels were 2080 ± 250 CFU and 2270 ± 290 CFU for the first and second experiments, respectively. Negative controls showed non-detect results (data not shown).
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