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Objective 1: Develop rapid and efficient techniques that separate and 
concentrate and/or quantify targeted pathogens from food matrices. 

• Subobjective 1A. Apply rapid and high volume centrifugal flow 
concentration to the separation of bacteria from food matrices.

• Subobjective 1B. Partition and concentrate bacteria using 
immunomagnetic separation with a new class of antibody-coated 
paramagnetic particles.

• Subobjective 1C. Compare and contrast bacteria separation and 
concentration with flow-through filtration systems.

• Subobjective 1D. Develop and validate MPN-multiplex qPCR 
methods for rapid and quantitative detection of multiple foodborne 
pathogens.



Objective 2: Develop and validate field testing kits that rapidly screen 
for the presence and quantification of pathogens and/or indicator 

microorganisms in foods at the initial processing level.

• Subobjective 2A. Generate portable, label-free sensors (e.g., next 
generation cantilever microbalance) for rapid in-line or near-line 
screening of foods.

• Subobjective 2B. Generate portable antibody and/or phage-based 
multiplex assays including integrated comprehensive droplet digital 
detection (IC 3D).

• Subobjective 2C. Develop an AlphaLISA detection protocol for target 
pathogens.

• Subobjective 2D. Develop a flow-through immunoelectrochemical
detection device for field portable detection of target pathogens



Objective 3: Develop and validate rapid methods for the identification 
of pathogens and/or indicator microorganisms in foods for application 

in either the field or testing laboratories.  

• Subobjective 3A. Generate phage and/or antibody typing arrays.
• Subobjective 3B. Generate pathogen databases and improve the 

accuracy of the Beam (formerly BActerial Rapid Detection using 
Optical scattering Technology or BARDOT) system.

• Subobjective 3C. Direct typing (colony isolates not required) of 
enriched samples using a targeted-sequencing method.

• Subobjective 3D. Generate genome sequence-based typing and 
identification schemes using next-generation sequencing technology 
(e.g., MiSeq, Ion Torrent PGM, and MinION), and characterize 
virulence and antibiotic resistance of microbial pathogens.



Objective 1: Develop rapid and efficient techniques that separate and 
concentrate and/or quantify targeted pathogens from food matrices.

• Subobjective 1A. Apply rapid and high volume centrifugal flow 
concentration to the separation of bacteria from food matrices.

• Subobjective 1B. Partition and concentrate bacteria using 
immunomagnetic separation with a new class of antibody-coated 
paramagnetic particles.

• Subobjective 1C. Compare and contrast bacteria separation and 
concentration with flow-through filtration systems.

• Subobjective 1D. Develop and validate MPN-multiplex qPCR 
methods for rapid and quantitative detection of multiple foodborne 
pathogens.



Continuous Flow Through Centrifugation (CFC)



Sample Preparation for 1L
(325 g ground beef in 975 mL broth) 



Sample Preparation for 1L
Filter Average 

CFU
Average 
CFU

P value 
(student’s t)

50 Before 5892857 0.7784

50 After 5619047 0.7784

10 Before 7083333 0.5449

10 After 7642857 0.5449

GFE Before 8845238 0.5387

GFE After 7916666 0.5387

Glass Wool Before 7595238 0.5772

Glass Wool After 6964285 0.5772

CFC Before 3797619 0.6918

CFC after 4119047 0.6918



Objective 1: Develop rapid and efficient techniques that separate and 
concentrate and/or quantify targeted pathogens from food matrices. (2)

• Subobjective 1A. Apply rapid and high volume centrifugal flow 
concentration to the separation of bacteria from food matrices.

• Subobjective 1B. Partition and concentrate bacteria using 
immunomagnetic separation with a new class of antibody-coated 
paramagnetic particles.

• Subobjective 1C. Compare and contrast bacteria separation and 
concentration with flow-through filtration systems.

• Subobjective 1D. Develop and validate MPN-multiplex qPCR 
methods for rapid and quantitative detection of multiple foodborne 
pathogens.



Superparamagnetic Particles



Particle Cost Becomes Prohibitive for Querying Large 
Volumes

Kit Surface 
Coating Cost 

Bead
volume per

kit

Volume 
used per 

test

Sample 
size 

Query
volume per 

kit
DynaBeads Protein A $192 1 ml 50 µL 100-1000 µL 2 - 20 mL

DynaBeads Protein G $192 1 ml 50 µL 100-1000 µL 2 - 20 mL

MagnaBind Streptavidin $393 5 mL 1 mL 500-1500 µL 2.5 -7.5 mL

Thermo Ni-NTA $212 2 mL 40 µL 400 µL 20 mL

DynaBeads Sheep anti-
Rabbit IgG $419 2 mL 50 µL 25 µg target 

antigen 1000 µg

DynaBeads anti-E. coli
O157 $239 1 mL 50 µL 100-1000 µL 2 - 20 mL



Varying Bead Size/Density Alters Their Capture Efficiency



Novel Surface Treatment Allows Antibody Conjugation

• Anti-E. coli (HRP)

• Add 
tetramethylbenzidine

• Measure absorbance



Number of Antibodies Directly Correlated With
Total Surface Area of Particles



Protocol for Ground Beef Samples

Total time = 2 + 10 + 2 + 10 + 60 = 84 min



E. coli Cell Capture in Ground Beef Using 
Different Particle Sizes/Geometries



Objective 1: Develop rapid and efficient techniques that separate and 
concentrate and/or quantify targeted pathogens from food matrices. (3)

• Subobjective 1A. Apply rapid and high volume centrifugal flow 
concentration to the separation of bacteria from food matrices.

• Subobjective 1B. Partition and concentrate bacteria using 
immunomagnetic separation with a new class of antibody-coated 
paramagnetic particles.

• Subobjective 1C. Compare and contrast bacteria separation and 
concentration with flow-through filtration systems.

• Subobjective 1D. Develop and validate MPN-multiplex qPCR 
methods for rapid and quantitative detection of multiple foodborne 
pathogens.



Objective 1: Develop rapid and efficient techniques that separate and 
concentrate and/or quantify targeted pathogens from food matrices. (4)

• Subobjective 1A. Apply rapid and high volume centrifugal flow 
concentration to the separation of bacteria from food matrices.

• Subobjective 1B. Partition and concentrate bacteria using 
immunomagnetic separation with a new class of antibody-coated 
paramagnetic particles.

• Subobjective 1C. Compare and contrast bacteria separation and 
concentration with flow-through filtration systems.

• Subobjective 1D. Develop and validate MPN-multiplex qPCR 
methods for rapid and quantitative detection of multiple foodborne 
pathogens.



Objective 2: Develop and validate field testing kits that rapidly screen 
for the presence and quantification of pathogens and/or indicator 

microorganisms in foods at the initial processing level. (2)

• Subobjective 2A. Generate portable, label-free sensors (e.g., next 
generation cantilever microbalance) for rapid in-line or near-line 
screening of foods.

• Subobjective 2B. Generate portable antibody and/or phage-based 
multiplex assays including integrated comprehensive droplet digital 
detection (IC 3D).

• Subobjective 2C. Develop an AlphaLISA detection protocol for target 
pathogens.

• Subobjective 2D. Develop a flow-through immunoelectrochemical
detection device for field portable detection of target pathogens



Piezoelectric Membrane Biosensor Overview

• Antibodies are immobilized on the biosensors to provide selectivity.
• Resonance frequency (fi) of the biosensors shift (Δfi) upon antigen attachment 

due to a change in mass (Δm) and spring constant (Δk) of the cantilever .
• The quantity of the attached antigens can be calculated using calibration curves



Piezoelectric Membrane Biosensor Overview (2)



Piezoelectric Membrane Biosensor Overview (3)



Piezoelectric Membrane Biosensor Overview (4)



Objective 2: Develop and validate field testing kits that rapidly screen 
for the presence and quantification of pathogens and/or indicator 

microorganisms in foods at the initial processing level. (3)

• Subobjective 2A. Generate portable, label-free sensors (e.g., next 
generation cantilever microbalance) for rapid in-line or near-line 
screening of foods.

• Subobjective 2B. Generate portable antibody and/or phage-based 
multiplex assays including integrated comprehensive droplet digital 
detection (IC 3D).

• Subobjective 2C. Develop an AlphaLISA detection protocol for target 
pathogens.

• Subobjective 2D. Develop a flow-through immunoelectrochemical
detection device for field portable detection of target pathogens



Problem/Opportunity
• STEC screening systems detect genetic 

markers to identify potential positive 
(PP) samples. 

• Conversion rates of PP’s to confirmed 
positives are low for non-O157

– A survey of STEC in Australian cattle feces conducted in 
2013 had a low conversion rate of PP to confirmed positives. 
1,500 samples tested, 44.5% were PP for non-O157 STEC but 
only 1.3% were culture confirmed as non-O157 STEC. 

• Culture confirmation of non-O157 STEC 
is a laborious lengthy procedure as it 
attempts to identify a small group of E. 
coli that appear similar to harmless E. 
coli. 



Droplet Digital PCR (ddPCR)

• Each droplet is an independent end-point assay 
• Positive and Negative drops are counted

– Data is absolute quantification
– Does not require standard curve



ddPCR – Power is in Partitioning



qPCR



Droplet Count Data



Droplet Count Data (2)



ddPCR’s Simple Workflow



Droplet Analysis - Linkage



STEC inclusivity/exclusivity assay

• Evaluated 37 unique strains of E.coli in PBS
– 25 regulated O-groups; 12 nonregulated O-groups
– 16 stx1, 19 stx2, and 9 stx-

– 26 eae+ and 11 eae-

• ddPCR can identify eae and all of the stx
subtypes, with the exception of stx2f



Spiked Sample Experiment Design

Expected ddPCR Result Expected qPCR result Strain description

Negative Negative Meat Sample – Not Spiked

Unlinked positives Potential (+) with O-groups (+)
Mix of two strains simple positive for stx1/2 or eae with at least 

one of them coming from a 7 major O-groups
(O157:H7, O26, O111, O103, O121, O45, and O145)

Unlinked positives stx/eae (+) with O-groups (-)
Mix of two strains simple positive for stx1/2 or eae with both of 

them coming from other O-groups

Linked positives Potential (+) with O-groups (+)
Strains containing stx1 or stx2 (different variant) and eae genes

from the 7 major O-groups
(O157:H7, O26, O111, O103, O121, O45, and O145)

Linked positives stx/eae (+) with O-groups (-)
Strains containing stx1 or stx2 (different variants) and eae genes

from other O-groups



Spiked Sample Experiment Layout



PCR Screening Results From Beef



Advantages of ddPCR

• Absolute quantitation without the need for a calibration curve
• Apparently equal accuracy yet better repeatability and a greater 

tolerance for inhibitors than qPCR
• Unambiguous identification of microorganism in one single 

amplification run (co-localization of markers) 
• Detection/enumeration of living cells
• In the food domain, successfully applied to GMOs, viruses & 

bacteria quantification



Objective 2: Develop and validate field testing kits that rapidly screen 
for the presence and quantification of pathogens and/or indicator 

microorganisms in foods at the initial processing level. (4)

• Subobjective 2A. Generate portable, label-free sensors (e.g., next 
generation cantilever microbalance) for rapid in-line or near-line 
screening of foods.

• Subobjective 2B. Generate portable antibody and/or phage-based 
multiplex assays including integrated comprehensive droplet digital 
detection (IC 3D).

• Subobjective 2C. Develop an AlphaLISA detection protocol for target 
pathogens.

• Subobjective 2D. Develop a flow-through immunoelectrochemical
detection device for field portable detection of target pathogens



Shiga-toxin Specific AlphaLISA



Purified Stx2 detected using the AlphaLISA and 
the ELISA



Comparisons of the limit of detection and signal-
to-noise ratios of the AlphaLISA versus the ELISA

Assay
Average 

zero 
signal

3X SD LOD 
(ng/ml)

Signal to 
Noise 
ration

0.5 
ng/mL

Signal to 
Noise 
ration

1 ng/mL

Signal to 
Noise 
ration

3 ng/mL

Signal to 
Noise 
ration

10 
ng/mL

AlphaLIS
A 75.92 63.285 0.100 10 18 61 163

ELISA 0.21767 0.1665 0.143 4 7 18 17



Detection of Stx2 in STEC-inoculated foods using 
the AlphaLISA and ELISA



AlphaLISA Protocol is Shorter and Simpler



Advantages of the AlphaLISA

• Faster

• Highly automatable- Less manual manipulation

• Larger dynamic range

• Recognizes intact toxin



Objective 2: Develop and validate field testing kits that rapidly screen 
for the presence and quantification of pathogens and/or indicator 

microorganisms in foods at the initial processing level. (5)

• Subobjective 2A. Generate portable, label-free sensors (e.g., next 
generation cantilever microbalance) for rapid in-line or near-line 
screening of foods.

• Subobjective 2B. Generate portable antibody and/or phage-based 
multiplex assays including integrated comprehensive droplet digital 
detection (IC 3D).

• Subobjective 2C. Develop an AlphaLISA detection protocol for target 
pathogens.

• Subobjective 2D. Develop a flow-through immunoelectrochemical
detection device for field portable detection of target pathogens



Flow Through Electrochemical 
Sensor



Flow-through Immunoelectrochemical Detection of 
Salmonella



Normalized Immunoelectrochemical Response



E. coli O157:H7 Detection in Food
(25 g Ground Beef/75 mL of Growth Media)



Electrochemical detection of HRP/TMB
in filtered ground beef (325 g/1 L)

Filtration
Flow rate 
(mL/min) Clog?

Glass Wool 6.1 Flow stopped

CFC 5.3 No

50 micron 4.1 Flow stopped

10 micron 6.1 Flow stopped



Objective 3: Develop and validate rapid methods for the identification 
of pathogens and/or indicator microorganisms in foods for application 

in either the field or testing laboratories. (2)

• Subobjective 3A. Generate phage and/or antibody typing arrays.
• Subobjective 3B. Generate pathogen databases and improve the 

accuracy of the Beam (formerly BActerial Rapid Detection using 
Optical scattering Technology or BARDOT) system.

• Subobjective 3C. Direct typing (colony isolates not required) of 
enriched samples using a targeted-sequencing method.

• Subobjective 3D. Generate genome sequence-based typing and 
identification schemes using next-generation sequencing technology 
(e.g., MiSeq, Ion Torrent PGM, and MinION), and characterize 
virulence and antibiotic resistance of microbial pathogens.



Objective 3: Develop and validate rapid methods for the identification 
of pathogens and/or indicator microorganisms in foods for application 

in either the field or testing laboratories. (3)

• Subobjective 3A. Generate phage and/or antibody typing arrays.
• Subobjective 3B. Generate pathogen databases and improve the 

accuracy of the Beam (formerly BActerial Rapid Detection using 
Optical scattering Technology or BARDOT) system.

• Subobjective 3C. Direct typing (colony isolates not required) of 
enriched samples using a targeted-sequencing method.

• Subobjective 3D. Generate genome sequence-based typing and 
identification schemes using next-generation sequencing technology 
(e.g., MiSeq, Ion Torrent PGM, and MinION), and characterize 
virulence and antibiotic resistance of microbial pathogens.



Identification of Campylobacter using BARDOT
system

BActeria Rapid 
Detection using Optical 
scattering Technology
 Applies a laser to a bacterial colony on 

an agar plate

 Capture light scattering images by a 
CCD chip

 Identify Campylobacter colonies 
using image processing and scatter 
pattern analysis software



Light scattering patterns of C. jejuni & C. coli
colonies from pure culture

A total of 2248 Campylobacter scatter images were collected from 17 
strains of C. jejuni and 9 strains of C. coli grown on Brucella agar. 

A Campylobacter library was built upon BARDOT scanning 50-100 
colonies of each strain. 



Light scattering patterns of major 
foodborne pathogens

E. coli O157:H7

Salmonella spp.

L. monocytogenes

C. jejuni & C. coli



Principle component analysis of bacterial 
scatter images in Campylobacter library

Bacteria C. coli C. jejuni E. coli O157:H7 Salmonella spp. L. monocytogenes

C. coli 79.2 20.3 0.3 0.1 0.2

C. jejuni 15.1 84 0.1 0.4 0.5

E. coli O157:H7 0.1 0 90.1 9.2 0.5

Salmonella spp. 0 0 4 94.8 1.1

L. monocytogenes 0.1 0.3 2.8 6.8 90



BARDOT/BEAM Collaboration
with Lincoln and Purdue Universities
PCA-E. coli 
Serotypes

• O111:H25
• O128:H11
• O145
• O26:H46



CV Matrix- E. coli serotypes

serotype O111:H25 O128:H11 O145 O26:H46

O111:H25 100 0 0 0

O128:H11 0 93.8 2.2 4

O145 0 0 100 0

O26:H46 0 5.1 0 94.9



CV Matrix- Yersinia spp.



CV Matrix- Yersinia enterocolitica biotypes



Yersinia enterocolitica ERL 032123
± virulence plasmid



Yersinia enterocolitica ERL 032124
± virulence plasmid



Objective 3: Develop and validate rapid methods for the identification 
of pathogens and/or indicator microorganisms in foods for application 

in either the field or testing laboratories. (4)

• Subobjective 3A. Generate phage and/or antibody typing arrays.
• Subobjective 3B. Generate pathogen databases and improve the 

accuracy of the Beam (formerly BActerial Rapid Detection using 
Optical scattering Technology or BARDOT) system.

• Subobjective 3C. Direct typing (colony isolates not required) of 
enriched samples using a targeted-sequencing method.

• Subobjective 3D. Generate genome sequence-based typing and 
identification schemes using next-generation sequencing technology 
(e.g., MiSeq, Ion Torrent PGM, and MinION), and characterize 
virulence and antibiotic resistance of microbial pathogens.



Enrichment, Amplification, and Sequence-Based Typing of Salmonella enterica and Other Foodborne Pathogens



Objective 3: Develop and validate rapid methods for the identification 
of pathogens and/or indicator microorganisms in foods for application 

in either the field or testing laboratories. (5)

• Subobjective 3A. Generate phage and/or antibody typing arrays.
• Subobjective 3B. Generate pathogen databases and improve the 

accuracy of the Beam (formerly BActerial Rapid Detection using 
Optical scattering Technology or BARDOT) system.

• Subobjective 3C. Direct typing (colony isolates not required) of 
enriched samples using a targeted-sequencing method.

• Subobjective 3D. Generate genome sequence-based typing and 
identification schemes using next-generation sequencing technology 
(e.g., MiSeq, Ion Torrent PGM, and MinION), and characterize 
virulence and antibiotic resistance of microbial pathogens.



Whole genome sequencing and analysis of Campylobacter coli YH502 from retail 
chicken reveals a plasmid-borne type VI secretion system

• A chromosome of 1,718,974 bp 
• A mega-plasmid (pCOS502) of 125,964 bp
• GC content: 31.2% 
• Contains 1931 coding sequences and 53 non-coding RNAs
• Multiple virulence genes (67) including a plasmid-borne type VI secretion system
• Antimicrobial resistance genes (beta-lactams, fluoroquinolones, and 

aminoglycoside)
• CRISPR sequences (14 repeats) and associated proteins (Cas1, Cas2, and Csn) 



Motor Protein



Serogroup-level resolution of the “Super-7” Shiga title 68xin-producing Escherichia coli using nanopore single-
molecule DNA sequencing



Comparative analysis of genome and methylome of a multidrug resistant 
Campylobacter jejuni strain YH002 from retail beef liver



Comparative analysis of genome and methylome of a multidrug resistant 
Campylobacter jejuni strain YH002 from retail beef liver (2)



Methylation 
analysis of 

C. jejuni YH002, 
81-176, and 

NCTC 11168.



Comparative analysis of genome and methylome of a multidrug resistant 
Campylobacter jejuni strain YH002 from retail beef liver (3)

Summary
• Genome and methylome of a multidrug resistant C. jejuni strain YH002 

was unraveled.
• Curious co-existence of bacteriophage and mcrBC type RM system was 

observed in the genome.
• Possible first description of PHD-DoC type TA system in C. jejuni.
• Specific patterns of amino acids changes altered the motility of C. jejuni

YH002.
• A novel methylation motif (CGCGA) of type II RM system was identified.



Objective 1: Develop rapid and efficient techniques that separate and 
concentrate and/or quantify targeted pathogens from food matrices. (2) 

• Magnetic Bar Capture Device, Armstrong, C.M., Capobianco, J.A., and Gehring, A. USDA Docket Number 68.18, patent 
application 62/737,212 was filed September 27, 2018.

• Bacterial cell recovery after hollow fiber microfiltration sample concentration: most probable bacterial composition in 
frozen vegetables. P Irwin, J. Capobianco, Y. He, L. Nguyen, M.Gehring, A. Gehring, and C. Chen. submitted to Food 
Control

• Accelerating Sample Preparation through Enzyme-Assisted Microfiltration of Salmonella in Chicken Extract. Vibbert, H.B., 
Ku, S., Li, X., Liu, X., Ximenes, C., Kreke, T., Ladisch, M.R., Deering, A.J., and Gehring, A.G. Biotechnol. Progress 
31(6):1551-1562. 2015.



Objective 2: Develop and validate field testing kits that rapidly screen 
for the presence and quantification of pathogens and/or indicator 

microorganisms in foods at the initial processing level. (6)

• Rapid detection of Salmonella enterica serotype Typhimurium in large volume samples using porous electrodes in a flow-
through, enzyme-amplified immunoelectrochemical sensor.  Capobianco, J.A., Lee, J., Armstrong, C.M, and Gehring, A. 
Analytical and Bioanalytical Chemistry; Manuscript ID: ABC-02295-2017.R1, Accepted 2018. (print delayed by ARS OTT)

• Detection of shiga toxin 2 produced by Escherichia coli in foods using a novel AlphaLISA.  Armstrong, C.M., Ruth, L., 
Capobianco, J.A., Strobaugh, T.P., Rubio, F. and Gehring, A. Armstrong, C. M., Ruth, L. E., Capobianco, J. A., Strobaugh, T. 
P., Rubio, F. M., & Gehring, A. G. Toxins, 10(11), 422, 2018.

• Flow-Through Immunoelectrochemical Sensor.  Capobianco, J.A., Gehring, A., Armstrong, C.M., and Lee, J., USDA Docket 
Number 21.18, Patent Application under review by ARS OTT.

• Evaluation of ELISA tests specific for Shiga toxin 1 and 2 in food and water samples.  Gehring, A.G., Fratamico, P.M., Lee, 
J., Ruth, L., He, X., He, Y., Paoli, G., Stanker, L.H., Rubio, F.M... Food Control. 77:145-149, 2017.

• Shiga and Shiga-like Toxins (Stx). Presumptive Analysis 8.2.14.1. Kong, Q., Patfield, S.A., Skinner, C.B., Stanker, L.H., 
Gehring, A.G., Fratamico, P.M., Rubio, F., Qi, W., and He, X., US Environmental Protection Agency, EPA/600/R-17/356, 
CAS RN: 75757-64-1 (Stx). September, 2017.

• Multilayer Devices and Methods of Manufacturing.  Capobianco, J., Martorano, C., DeClement, D. PCT Application 
62/452,335, 2017.

• Validation of Two New Immunoassays for Sensitive Detection of a Broad Range of Shiga Toxins.  Austin Immunology. 
Kong, Q., Patfield, S.A., Skinner, C.B., Stanker, L.H., Gehring, A.G., Fratamico, P.M., Rubio, F., Qi, W., and He, X. 
1(2):1007, 2016.



Objective 3: Develop and validate rapid methods for the identification 
of pathogens and/or indicator microorganisms in foods for application 

in either the field or testing laboratories. (6)

• Serogroup-level resolution of the “Super-7” Shiga toxin-producing Escherichia coli using nanopore single-molecule DNA 
sequencing. Peritz, A., Chen, C., Paoli, G., Gehring, A.G. Analytical and Bioanalytical Chemistry, 2018.

• Whole-Genome Sequence Data and Analysis of a Staphylococcus aureus Strain SJTUF_J27 Isolated from Seaweed. Xie, Y., 
He, Y., Ghatak, S., Irwin, P., Yan, X, Strobaugh, T.P., Jr., and Gehring A. Data in Brief 20:894-898. 2018.

• Enrichment, Amplification, and Sequence-based Typing of Salmonella Enterica and other Foodborne Pathogens. Edlind, 
T., Brewster, J.D., Paoli, G.C. J. Food Prot., 80(1):15-24, 2017.

• Advantages of Virulotyping Pathogens over Traditional Identification and Characterization Methods. Gurtler, J.B., Doyle, 
M.P., Kornacki, J.L., Fratamico, P.M., Gehring, A.G., Paoli, G.C. In Gurtler, J.B., Doyle, M.P., and Kornacki, J.L. (eds.) 
Foodborne Pathogens: Virulence Factors and Host Susceptibility, Springer Nature, Switzerland AG, pp 3-40. 2017.

• The use of a novel nanoLuc-based reporter phage for the detection of Escherichia coli O157:H7. Zhng, D., Coronel-
Aguilera, C., Romero, P., Perry, L., Minocha, U., Rosenfield, C., Gehring, A.G., Paoli, G., Bhunia, A.K., Applegate, B. 
Scientific Reports, 2016.

• Rapid Identification and Classification of Campylobacter Spp. Using Laser Optical Scattering Technology. He, Y., Reed, S., 
Bhunia, A.K., Gehring, A., Nguyen, L.-H., and Irwin, P.L. Food Microbiol. 47:28-35, 2015.
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Thank you!

Question/Comments/Concerns
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