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\%EPA What'’s the Issue?

* Remediation efforts could be extensive following a
wide-area release of Bacillus anthracis (B.a.) spores into
the environment.

* In such a scenario, many types of materials and
environments may need to be sampled, analyzed, and
decontaminated, including soils.

e Soil remains one of the most difficult materials to
analyze and decontaminate for B.a.

- Impurities, and other organisms in soil that impede
detection.

- Organic content of soil, as well as depth of soail,
impede decon.

ZUSGS

science for a changing world




. Issues Detecting Spores ol
\e’EPA \\\With Culture sm%:etgéggW§

e While culture is typically the “gold standard”, direct processing of
soil via culture on a selective medium can be significantly
hindered by the presence of other microorganisms in the soil

Native (nonsterile) Agvise Loam Soil with no B. anthracis spores
added shows growth in selective media of background organisms

Tryptic Soy Agar :

\

* polymyxin-lysozyme-EDTA-thallous acetate
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<EPA Potential Inhibition 2 USGS

* Bacillus CFU
recovered from soil
spike = 200ul
spread-plate on TSA

* Note carryover of
soil particulate
matter that could
inhibit PCR




a Development of an Optimized =%
wEPA Processing Protocol U§g§w§

* A project team consisting of members from USGS, CDC, and EPA convened in
May 2012 to work on optimizing extraction of B. anthracis spores from soil

 The method was developed using three soil types and two sample sizes (9 g
and 45g)

 Method consists of a series of washes and centrifugation steps to concentrate
the spores into a pellet

* The method will serve as a processing step prior to DNA extraction and
further analysis

Loam




A Optimized Processing >
wEPA Protocol Details =USGS
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( Protocol for 9 g Soil Samples w

* The protocol separates (using
differential centrifugation) and

9 g soil sample in 50 mL
centrifuge tube (Tube 1)

A : concentrates the spores from bulk
% a\f/een % 1 Wash 2 2 H
(dHh';Zr’zn;dphT/zﬁ [SOmL 296 Tw 8/ 2% SHIE = soil down to a pellet that can be
L and shaken for .
5 gl £ 20minutes at 450 rpm used for further analysis.
" v 7' Q I —xx v
Tube 1 is centri_fuged at ‘ Tub;a 1;5 cgnt;ifuied at 100 ) )
SO R | * Soil samples are washed twice
Jsupernatant | | | with soil extraction solution to
;;Jpernatant 1 is transferred to a } ; m aXi m ize re Cove ry-
second 50 mL centrifuge tube [

(Tube 2) and centrifuged at
5,900 x g for 30 minutes to pellet
the spores (Pellet 1). The
supernatant is discarded

J * Low speed centrifugation (100 x
o ll + g) sedimentates heavier and

|  Supernatant 2 is transferred to . .
| the 50 mL centrifuge tube d I t |
| containing Pellet 1 (Tube 2) and e n Se r SOI m a e rl a -
| centrifuged at 5,900 x g for 30
minutes to pellet the spores
(Combined Pellet). The
supernatant is discarded.

Combined peliet J, | * Limit of detection = 14 spores/g

Legend

Processedin Tube® | Pellets can be stored at 4 °C

g until further analysis completed
Processed in Tube 2




Enrichment of Soil Samples 2 USGS
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Enrichment of samples might help improve detection of low
number of viable spores in the presence of non-target
organisms

Enrichment PCR brings advantages from both culture and PCR
techniques to bear on analytical challenge

Viability is addressed by processing samples at Time= 0 and

Time =24 hours
* No change in cycle numbers would be noted if spores didn’t

germinate and grow



a Enrichment-Polymerase Chain %2
\-’EPA Rea Ctio N ﬁe t!r!ch§g§w§

Add tryptic soy broth to spiked soil samples.
Take time=0 200ul aliquot after vortexing and
freeze until analysis.

Incubate the samples at 36°C for 24 hours.
Take time=24 200ul aliquot and freeze until
analysis

Use MoBio’s PowerSoil Kit (now owned by
Qiagen) to extract and purify DNA and elute DNA
from the purification columns in Qiagen’s AE
buffer.

Use 2ul of eluted DNA per reaction.

Run a gPCR presence/absence reaction using a
StepOne Tempcycler.




Current Study Goals 2 USGS
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* The goal was to compare the optimized processing protocol
(followed by use of culture) to an enrichment-PCR protocol to
determine if lower numbers of viable spores could be detected

 The current experiments utilized:

* 9g of soil (9g x 14 spores/g = 126 spore detection limit for
the CFU protocol)

» Spikes of 1350, 675, 225, 45 and 4.5 per 9g of soil



<EPA Loam, Sand, and Clay Soils 2= USGS
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J1iik

Step;
K e Clay, 1.0¢ 05292015
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Soil Samples Weights a USGS
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* ~9 g soil samples were weighed out and set-up in 50 mL tubes
in duplicate (one set for CFU and one for enrichment-PCR)

e Samples autoclaved for 1 hour and cooled at room temperature
prior to spiking.

e Samples are spiked and placed in containment chambers and
rock at 165 rpm over the weekend.
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\9,EPA Study Results % USGS
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July 5, 2017- Spread Plate Counts

104 TNTC
10 TNTC
10 80
10”7 4
108 0

July 6, 2017- Seeded samples
set-up using 9 g samples and
done twice (one for standard
plating protocol and one for
enrichment). The July 5th 10
counts (average 39.3/100 pl)
used to calculate spike volumes
in the table to the right.

TNTC TNTC= Too numerous to
o -6
TNTC count; 10° average
count used for seed
7 78.5(per200 ) ¢ ipas for 200 pl count
9 6.5 (per 200 ul)  and 39.3 per 100 pL
0 0
Spore Concentration/g Spore Concentration in Volume of Spike in pL
9g (Dilution)
0 (Assay- control) 0 0
150 1350 34.4 (10%)
75 675 17.2 (104)
25 225 57.3 (10°)
5 45 114.5 (10%)

0.5 4.5 11.5 (109
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<EPA Results, Continued 22 USGS
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July 10, 2017: July 11, 2017: Non-enrichment CFU Plate counts for June 5 samples.

*25 mL cold tryptic soy broth Plate # 4 6
1

was added to sample tubes,
vortexed for ~5 seconds, and
allowed to settle for 10
minutes.

*The T = 0 sample consisted of a
1.0 mL subsample transferred
to microfuge tubes and frozen
at -20°C.

*Samples were incubated at
36°C.

*Non-enrichment Samples

* 9 g samples were processed 10
and the final pellet was
suspended in 25 mL diluent.

*Ten 200 pL aliquots spread on * 1 mL of enriched samples taken 24 hours after
spread-plates and incubated incubation were transferred to microfuge tubes and
overnight at 36 °C. frozen at 70°C.
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DNA Extraction for
Enrichment Samples
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wEPA

Time ng/mL Adjusted to pg/mL
Point/Sample in Sample*

August 14, 2017

14

*10 uL used for the reading

e Samples were thawed and Time 0/1 <0.5 N/A
200 pL of Time 0 and Time 24 Time 0/2 1.22 0.025
hour tubes yvere transferred Time 0/3 ZoE N/A
to the Mobio PowerSoil bead _

) Time 0/4 <0.5 N/A
beating tubes. _
DNA was extracted and IS (LS e LA
eluted to 100 pL in Qiagen’s Time 0/6 <0.5 N/A
AE buffer. Time 24/1 <0.5 N/A
DNA extract concentrations Time 24/2 15.2 0.305
were-checked using the Qubit Time 24/3 . g
Rk Time 24/4 7.8 0.156
10 pL of each sample was me ' '
assayed. Time 24/5 9.83 0.197
Time 24/6 14.2 0.283



wEPA

Set-Up PCR
Run Using 2
uL of 101
Template in
Duplicate

15

PCR Run Set-Up 2 USGS
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Volume Assayed in IPC Cross Rn of PCR Signal Cross
0.1* Rn of 0.1**

TimeO, 1 2 0
Time O, 2 2 30 0
TimeO, 3 2 30 0
TimeO, 4 2 30 0
Time 0, 5 2 30 0
Time O, 6 2 30 0
Time 24,1 2 30 0
Time 24, 2 2 33 25
Time 24, 3 2 32 25
Time 24, 4 2 32 26
Time 24,5 2 40 25
Time 24, 6 2 38 24
Negative Control 2 29 0
IPC Block 2 Blocked N/A

* Internal positive control cycle number that crossed an Rn threshold of 0.1
**PCR cycle number that crossed an Rn threshold of 0.1
Rn is the normalized reporter: the fluorescence of the reporter dye divided by the fluorescence of a passive reference dye
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PCR Results

ZUSGS
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&EPA . CFUData
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Combined CFU averages from 10 spread plates for loam, clay, and sand samples

BN A T

Sample 1 = 0 spores

Sample 2 = 1350 spores 7.2
Sample 3- 675 spores 2.3
Sample 4= 225 spores 1.1
Sample 5 = 45 spores 0.1

Sample 6 = 4.5 spores 0.2

7.2
4.8
0.8
0.1
0

16.9
7.5
2.5
0.6
0.1



wEPA

* Enrichment Assays with
10! dilution of 100 pL
extract of 200 pL TSB
from overnight
incubation at 36°C.

* Number values for PCR
data are the cycle
number that crossed
an Rn threshold of 0.1

*No Amp.=no
amplification/ negative
reaction.

* N/A= Not applicable
for that experiment

Sample Spikes

Sample 1 =0 Spores
Sample 2 = 1350 Spores
Sample 3 =675 Spores
Sample 4 = 225 Spores
Sample 5 = 45 Spores

Sample 6= 4.5 Spores
18

Enrichment-PCR Data

a USGS
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Time point Loam 2 Clay 1 Clay 2 Clay 3
(hrs)/ Sample

T=0/1
T=0/2
T=0/3
T=0/4
T=0/5
T=0/6
T=24/1
T=24/2
T=24/3
T=24/4
T=24/5

T=24/6

No Amp.

No Amp.
No Amp.
No Amp.
No Amp.
No Amp.

No Amp.

25.5
25.5
25.5

25.5

No Amp.

No Amp.

No Amp.
No Amp.
No Amp.
No Amp.
No Amp.

No Amp.

27
27
27
27

27

No Amp.

No Amp.
No Amp.
No Amp.
No Amp.
No Amp.

No Amp.

25
23.5
25
27

25

No Amp.

No Amp.
No Amp.
No Amp.
No Amp.
No Amp.

No Amp.

27
26
27
27

35

No Amp.

No Amp.
No Amp.
No Amp.
No Amp.
No Amp.

No Amp.

25
25
26
25

24

No Amp.

No Amp.
No Amp.
No Amp.
No Amp.
No Amp.

No Amp.

24
24
24
24

25

No Amp. No Amp. No Amp.
No Amp. No Amp. No Amp.
No Amp. No Amp. No Amp.
No Amp. No Amp. No Amp.
No Amp. No Amp. No Amp.
No Amp. No Amp. No Amp.
No Amp. No Amp. No Amp.
24 25 245
23.5 27 24.5
24 27.5 245
245 29 24.5
24 31 25

* T=6 samples 1-6 were also run using Loam 1: no amplification was noted
*T= 48 samples 1-6 were also run using Loam 2 and Sand 1.
* No amplification was noted for sample 1 in either set.
* Loam 2 samples 2-6 amplified between 22-24 cycle number that crossed an Rn
threshold of 0.1
*Sand 1 samples 2-6 all amplified at 23 cycle number that crossed an Rn
threshold of 0.1
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Loam soil with a
4.5 spore spike
showing good
early amplification
at 24hr incubation
(red) versus the
internal positive
control (green)
and the O hr
4 (where it appears

that late
amplification is
occurring in one of
the duplicate
reactions.




SEPA " CFUvs. Enrichment-PCR
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~ Data

20

Spike Level Loam 2 Loam 3 Sand 2 Sand 3 Clay 1 Clay 3
Average Average Average Average Average Average
CFU/PCR CFU/PCR CFU/PCR CFU/PCR CFU/PCR CFU/PCR
Signal Signal Signal Signal Signal Signal
Sample1=0 0/0 0/0 0/0 0/0 0/0 0/0
Spores
Sample 2 = 6.1/27 8.2/25 8.0/25 6.4/24 17.8/24 15.9/24.5
1350 Spores
Sample 3 = 1.4/27 3.2/23.5 4.7/25 4.9/24 9.1/23.5 5.9/24.5
675 Spores
Sample 4 = 0.9/27 1.2/25 1.3/26 0.3/24 2.5/24 2.4/24.5
225 Spores
Sample 5 =45 0.1/27 0/27 0.2/25 0/24 0.6/24.5 0.5/24.5
Spores
Sample 6 = 0.2/27 0.1/25 0/24 0/25 0/24 0.1/25
4.5 Spores

CFU numbers are averages from 10 spread-plates.
Number values for PCR data are the cycle number that crossed an Rn threshold of 0.1
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<EPA \‘\ Sand/Clay Experiment 2 USGS
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Sand/Clay 1 Sand/Clay 2 Sand/Clay Average Soil Mixture
CFU CFU CFU (Sand/Clay)
11.4 11 11.2 100% Sand

11 13.8 12.4 80%/20%
12.6 12.1 12.4 60%/40%
13.5 14 13.8 40%/60%
14.7 13 13.9 20%/80%

14.4 13.4 13.9 100% Clay
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<EPA Geochemistry of Soils 2 USGS

14R CLAY
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EPA Soil Distribution and Outbreaks % USGS
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Mollisols Distribution and County's Reporting
: &’lghrax Outbreaks in Livestock and Wildlife (2001-2010)
- ",‘,‘ Sy ) wi ,?L S .E

DN

DOMINANT SUBORDERS
Bl Aboll: El Rendolls | Xerolls m’f’,
B Aquolis B Udolls
B crois B Ustolls 2

U.S. Counties Reporting
Livestock and Wildlife Anthrax
Outbreaks (2000-2010)

E U.S Counties Reporting Cutbresks
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The CFU assay consistently detected spores at spike ranges of 225, 225 and 45
in loam, sand and clay soils respectively.

Volume adjusted percent recoveries of spores from these same soil types
averaged 56%, 63% and 146%, respectively.

The enrichment-PCR assay was potentially able to detect spores at all spike
concentrations and at lower levels compared to the optimized processing
protocol.

Clay soil CFU percent recoveries were greater than 100% of the spike,
indicating a potential influence of clay in spore germination.



Conclusions, Continued % USGS
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* To assess the influence of clays on spore germination pure sand and clay and

sand:clay soil mixtures (%) of 80:20, 60:40, 40:60, 20:80 were spiked with
concentrations of spores as previously described.
* The CFU assay detected an average of 11 CFU/9 grams of soil for 100%
sand through a stepped increase of 14 CFU/9 grams of soil for 100% clay.

Collectively, these results show the enrichment-PCR assay has the potential to
be more sensitive method for detecting spores in soil samples than the

optimized processing protocol and that clay may contribute to spore
germination.

Future research? Addressing enrichment quantification using MPN-PCR
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Disclaimer

The U.S. Environmental Protection Agency, through its Office of Research and
Development, funded, managed, and collaborated in the research described here under an
Interagency Agreement with the U.S. Geological Survey (1A #DW14957748 and
DW92401101) and through Pegasus Technical Services, Inc., a contractor to the EPA
(Contract # EPC- 11-006). It has been subjected to the Agency's review and has been
approved for publication. Note that approval does not signify that the contents necessarily
reflect the views of the Agency. Mention of trade names, products, or services is for
descriptive purposes only and does not convey U.S. Government approval, endorsement,
or recommendation.
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