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Virus Detection Dogs: 
Proof of Concept Study

Angle, T. C., Passler, T., and Waggoner, L. P.
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Do pathogens and diseases produce an odor?

• Shirasu and Kazushige (2011) stated if a biological system contracts an 

infection or metabolic disease, then unique VOC patterns can be released 

and detected as an odor

• The study cited over 50 articles that described the odor certain diseases 

and disorders produce

Are there unique viral VOC’s?

• Aksenov et al. (2014) found unique VOC patterns in response of infection to B lymphoblastoid
cells with three live influenza virus subtypes: H9N2 (avian), H6N2 (avian), and H1N1 (human). 

• Schivo et al (2014) found that there are different expressions of VOCs between uninfected and 
human rhinovirus infected bronchial epithelial cells. 

• Mashir et al. (2011) administered live attenuated H1N1 vaccine (FluMist®) to humans and 
found exhaled breath volatiles increased for seven days after the vaccination.

European Journal of Chemical Biology, 

Synthetic Biology, and Bio-Nanotechnology
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Can VOCs be detected outside the body for non-
invasive sampling?

• Simultaneous measurements of blood and breathborne
VOCs were performed in healthy volunteers, enabling 
endogenous compounds to be distinguished from exogenous 
compounds (Mochalski et al. 2013)

• Amann et al. (2014) cited multiple studies that measured 
VOCs outside the the body in exhaled breath, skin, urine, 
feces, and saliva. 

Journal of Breath Research (2014)

What detection tools are sensitive enough to 
detect VOC’s?

GC/MS

MOBILE VOC Detection 

Technology

Lab Based VOC Detection 

Technology
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Sensitivity Specificity

Breath Samples

• Sonoda et al. (2011) 

• McCulloch et al., (2006)

91% (Colon)

99% (Lung)

88% (Breast)

99%

99%

98%

Stool Samples

• Bomers et al. (2012) 

• Durgin et al. (2012) (Rat)

• Sonoda et al. (2011)

83% (C difficile) 

100% (Salmonella)

97% (Colon)

98%

96%

99%

Urine Samples

• Willis et al. (2004)  

• Cornu et. al., (2010)

41% (Bladder)

91% (Prostate)

N/A

91%

Sputum Sample

• Mgode et al. (2012) (Rat) 80.4% (Mycobacterium Tuberculosis) 72.4%

Skin Lesions

• Pickel et al. (2004) 75-85.7% (Melanoma) N/A

Tissue Samples

• Horvath et al. (2008) 100% (Ovarian) 97.5%

Are canines capable of detecting pathogens or diseased 
tissue?

Literature Summary

• Pathogens do have an odor

• There are unique VOC’s associated with viruses

• The VOCs can be detected outside the body

• Canines can detect pathogens and diseases
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Objective: 

• Train dogs to provide real time detection of lab grown Bovine Viral 
Diarrhea Virus (BVDV)

• Train dogs to discriminate a target virus from other distractor 
viruses (BHV and PI3)

• Determine the sensitivity and specificity of real time virus detection

Pilot Project Objectives

Methods: Targets and Distractors

Distractors

1B = MDBK + EQS

2B = MDBK + FBS

3B = MDBK + Gentamicin

7A = BHV-1 + MDBK + EQS (Cytopathic)

8A = BHV-1 + MDBK + FBS (Cytopathic)

9A = BHV-1 + MDBK + Gentamicin

(Cytopathic)

10A = PI-3 + MDBK + EQS (Cytopathic)

11A = PI-3 + MDBK + FBS (Cytopathic)

12A = PI-3 + MDBK + Gentamicin

(Cytopathic)

Samples contained 5 x 104 to 5 x 105 CCID50

(cell culture infective doses, 50% endpoint) 

Bovine Viral Diarrhea Virus per 0.5 milliliter of 

media. 

Targets

1A AU526 + MDBK + EQS (Noncytopathic)

2A AU526 + MDBK + FBS (Noncytopathic)

3A AU526 + MDBK + Gentamicin (Noncytopathic)

4A NADL + MDBK + EQS (Cytopathic)

5A NADL + MDBK + FBS (Cytopathic)

6A NADL + MDBK + Gentamicin (Cytopathic)
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Methods
Testing Procedures 

• An 8 arm scent wheel was used

• The same person put out all the positive and 
distractor samples on the scent wheel

• Target position was randomized on the scent wheel

• 1 trial was equal to one time around the eight 
positions, then the dog was called out of the room

• All 8 Baskets are changed out every single trial (no 
basket is used twice to prevent marking)

• The dog was off lead

• The handler was blind

Target Scent Picture

Petri 
Dish

Media

Antibiotic

Bovine/Equine 
Serum

BVDV

Kidney Cells

Plastic Tubes 
(freezing)

Plastic pipet

Swabs

Plastic flask

Nitrile gloves

Human Scent (Lab 
tech)

Incubator odors

Transport 
container

Petri dish

Human Scent (test 
moderator)

Virus Planter odor

Area Disturbance

Change in

Tissue

Petri Dish

• The petri dish contains 100+ odors

• We had to train the dog to only 
search for BVDV
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Introduction of PI3 and 
BHV as Distractors

Scent 
Picture PI3

Media

Antibiotic

Bovine/Equine 
Serum

PI3

Kidney Cells

Plastic Tubes 
(freezing)

Plastic pipet

Swabs

Plastic flask

Nitrile gloves

Human Scent 
(Lab tech)

Incubator odors

Transport 
container

Petri dish

Human Scent 
(test moderator)

Virus Planter odor

Area Disturbance

Change in

Tissue

Scent 
Picture 
BVDV

Media

Antibiotic

Bovine/Equine 
Serum

BVDV

Kidney Cells

Plastic Tubes 
(freezing)

Plastic pipet

Swabs

Plastic flask

Nitrile gloves

Human Scent 
(Lab tech)

Incubator odors

Transport 
container

Petri dish

Human Scent 
(test moderator)

Virus Planter odor

Area Disturbance

Change in

Tissue

• Eight Sample Scent Wheel

• Dog is discriminating 100s 

of odors in each petri dish

• It takes a dog about 3-4 

seconds to search all eight 

positions
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Results of Pilot Data

Dogs are able to distinguish samples containing 5 x 104 to 5 x 105 CCID50 (cell culture infective 
doses, 50% endpoint) Bovine Viral Diarrhea Virus per 0.5 milliliter of media from other virus 
distractor samples. 

Baxter Moose

Sensitivity 82.3 96.7

Specificity 98.1 99.3

Total Number of Positive Trials 34 31

Total Number of Blank Trials (i.e. no BVDV 

present)

24 20

Total Number of Negative Samples Searched 317 287

Total Number of False Negative Indications 6 1

Total Number of False Positive Indications 6 2

Note: There was a low number of study trials (i.e. 109) but the dogs discriminated a large number 

of samples (i.e. 604)

Conclusions

• Canines are capable of identifying a target virus 

• Canines are capable of discriminating a virus from other 
viruses

• Canines can provide a high rate of sensitivity and specificity.

• More robust research needs to be conducted 
• double blinded, multiple targets, operationally relevant experiments
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Developing the Capability

Questions?

Dr. Craig Angle:    angletc@auburn.edu


