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Introduction: Canine olfaction is a potential means for detection of respiratory

disease in beef cattle. In a prior study, two dogs were trained to discriminate

between nasal swabs from healthy cattle and cattle that developed Bovine

Respiratory Disease. Dogs had some ability to identify samples from BRD-

a�ected cattle, but results were ambiguous. The purpose of this study was to

evaluate more dogs using better-controlled training and testing procedures.

Methods: Nasal and saliva swabs were collected from 96 cattle before and

after administering a vaccine to induce an inflammatory immune response.

Samples were stored at −80◦C for up to 11 months before use, and samples

from animals with an elevated body temperature at baseline were omitted.

An automated olfactometer apparatus was constructed to improve blinding

procedures and reduce opportunities for odor contamination. Four dogs were

trained to distinguish between swabs from healthy and sickness-model cattle,

including the two dogs from the previous study (“Runnels” and “Cheaps”) and

two inexperienced dogs (“Molokai” and “Amy”). During a seven-month training

period, dogs were exposed to samples from 28 animals. Dogs were tested on 59

sets of unfamiliar samples.

Results: Performance varied among dogs (χ2
= 10.48, p = 0.02). Molokai’s

performance was above chance (0.73 ± 0.06, p = 0.0006), while Amy (0.44 ±

0.06, p = 0.43), Cheaps (0.53 ± 0.07, p = 0.79), and Runnels (0.56 ± 0.06, p =

0.43) did not respond correctly at a rate di�erent from chance. Accuracy did not

di�er between nasal swabs (0.63± 0.08) and saliva swabs (0.53± 0.08, χ2
= 0.81,

p = 0.37).

Discussion: The results of this study indicate that canine olfaction may be an

e�ective means of detecting illness in beef cattle. However, individual dogs’

aptitude for this detection task varies.
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1 Introduction

Detection of bovine respiratory disease (BRD) is a priority in beef cattle production.

Treatment of BRD incurs a cost of $23.60 per animal and ∼16.2% of cattle produced

in large feedlots experience reduced welfare as a result (1). Currently, detection of

BRD in feedlot cattle typically relies on the identification of signs of illness that can

be visually detected by pen riders from a distance or while riding a horse (2). Illness

signs indicative of BRD include behavioral depression, nasal and ocular discharge, and

coughing (3, 4) and have been incorporated into clinical illness scoring systems that

were designed to take an objective and standardized approach to detecting sick cattle.

However, studies of clinical illness scoring have varied in what indicators were included

and whether a formalized scoring system with predetermined decision points was used.
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In addition to lack of consistency, the overall sensitivity of clinical

illness scoring for detection of BRD has been estimated at 0.27,

indicating that the majority of sick animals are not identified for

treatment (3). Because cattle are prey animals, it is adaptive for

them to minimize external signs of illness, and therefore sick cattle

may easily be missed by human observers (5). Thus, there is a need

to develop alternative strategies for detecting BRD.

Dogs can accurately detect numerous bacterial, viral, and

neoplastic diseases via olfaction, using substances including breath,

mucus, blood, and tissues samples (6, 7). In cattle, dogs are able

to detect bovine viral diarrhea virus and staphylococcus aureus

infection (8, 9). The basis for olfactory detection of disease is that

there are differences in the pattern of volatile organic compounds

(VOCs) produced by sick compared to healthy animals. In a prior

study, an attempt was made to train two dogs to detect cattle

at risk of developing bovine respiratory disease (10). Dogs were

trained using positive reinforcement to produce a nose hold alert

on a station containing a nasal swab from a bull or steer that

was subsequently treated multiple times for BRD or died, while

alerts on stations containing a sample from an animal that was not

subsequently treated for BRD were not reinforced. In a double-

blind test, the dogs were presented with sets of three unfamiliar

samples, two negative and one positive. Accuracy was greater than

chance for one dog, at 0.45, but no better than chance for the

other, at 0.39. Samples were collected as cattle entered the feedlot,

and BRD status was determined based on whether the animal

was treated for BRD within 20 days of arrival. Consequentially,

samples designated positive may have been taken prior to initiation

of an inflammatory response, and samples designated negative

could include asymptomatic BRD-affected cattle, resulting in

ineffective training (10). Lack of consistency in sample handling

have been shown to affect disease detection learning in canines

(11). Therefore, one objective of the present study was to evaluate

canines’ performance in detecting a known inflammatory response

of beef cattle in a well-controlled context.

Vaccination with a respiratory vaccine containing a strong

adjuvant has been validated as a model of the inflammatory

response induced by BRD (12). The acute-phase protein

haptoglobin was elevated in cattle affected by BRD (13–17)

and reached similar levels 24–96 h after vaccination (12). Cortisol

was also associated with poor health outcomes in cattle (17, 18),

and peaked 2–8 h after vaccination (12). Using a vaccine-challenge

model rather than experimentalMannheimia haemolytica infection

minimizes adverse impact to the welfare of the experimental cattle

by minimizing the duration of illness, risk of mortality, and

need for invasive monitoring procedures (12). Therefore, using

vaccination to induce an inflammatory response facilitates

collecting a large number of samples with minimal impact to

cattle welfare.

Exposure to multiple samples is key in category-based

discrimination learning (19), and sample size is also an important

consideration to ensure adequate statistical power for detection

test results. Previous canine disease detection studies have used a

median of 27 positive and 46 negative samples in training, and

20 positive and 53 negative samples in testing (6). Using samples

from the same cattle pre-and post-vaccination will both maximize

sample size and reduce extraneous variables within sample sets

that could impede dogs’ learning about VOCs representative of an

inflammatory response. This is analogous to the approach taken

by prior studies that have used samples of bacterial cultures rather

than patient secretion to demonstrate dogs’ ability to detect a given

disease in a controlled context (9, 20, 21).

Sample type is also associated with differences in detection

success; however, the use of nasal mucus or saliva samples for

canine medical detection is relatively rare (6). Another factor that

may have impaired dogs’ success in the previous pilot study of

canines’ ability to detect BRD was potential sample contamination

with dirt or other substances (e.g., pollen, seasonal differences in

feedstuffs) present in cattle’s noses (10). To evaluate the effects of

sample type on BRD detection success, this study will include both

nasal swabs and saliva samples as detection targets.

Several studies of dogs’ ability to detect disease have reported

individual differences in performance between dogs (8, 22–27). Due

to the time investment required for training, it is also common

practice to re-use detection dogs across multiple studies (28–

34). However, there is a lack of knowledge about how changing

training procedures and sample sources could affect performance

in a subsequent study. To evaluate whether improved training and

sample collection procedures could facilitate illness detection in

previously unsuccessful dogs, this study included the two dogs with

prior experience and two inexperienced dogs. To evaluate the effect

of sample type on detection ability, both nasal and saliva swabs

were collected.

2 Methods

2.1 Study animals

Four dogs were included in this study, all scent-hound

type mixed-breeds. Furher information about dogs’ ancestry was

unknown. Dog-related procedures were approved under Texas

A&M University Institutional Animal Care and Use Committee

Protocol #2020-0299. All dogs were sourced from the Texas

Department of Criminal Justice, where they were initially trained

for scent tracking but had been deemed unsuitable for the

program. Dogs were singly housed at the Texas A&M University

(TAMU) Comparative Medicine and Pathology facility, in kennels

measuring 2.5m × 2.2m × 2.5m. Kennels were illuminated by

fluorescent lights on a 12 h light/12 h dark schedule and were

cleaned twice daily on weekdays and once daily on weekends and

holidays. Dogs were fed 5L18 kibble (LabDiet, St. Louis, MO, USA)

twice daily, with quantities adjusted monthly as needed to maintain

each dog at a healthy weight.

Two dogs, Runnels and Cheaps, were included in a prior

study of dogs’ ability to detect BRD (10). At the time of the

current study, Runnels was 8 years old, and had resided at the

kennel facility for 7 years, and Cheaps was 6 years old, and

had resided at the kennel facility for 5 years. Both dogs had

previously been part of the teaching colony at the TAMU College

of Veterinary Medicine and were trained in basic cues via clicker

training and positive reinforcement. Two additional dogs were

added for this study. Initially, two dogs were selected from a group

of four available dogs from the Texas Department of Criminal
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Justice and were moved to the TAMU Comparative Medicine

and Pathology facility 2 months prior to the start of detection

training. Amy, a spayed female, was 6 years old at the time of this

study, and Festus, a neutered male, was 4 years old at the time of

this study. Both dogs underwent a 2-week quarantine and were

subsequently trained in basic obedience cues and leash walking

using positive reinforcement. However, Festus was eliminated from

the project due to fear of humans and lack of interest in training.

Molokai, a 6-year-old neutered male, was subsequently added

to the study. He had resided at the kennel facility for 2 years

as part of the teaching colony and had prior experience with

clicker training and positive reinforcement, but no prior scent

detection training.

2.2 Sample acquisition and storage

Nasal and saliva swab samples were collected from 96

steers housed at the Texas A&M McGregor Research Station

in McGregor, Texas. Cattle procedures were approved under

Texas A&M University Agricultural Animal Care and Use

Committee Protocol #2022-011A. Four weeks after weaning, cattle

were vaccinated with a modified live-virus respiratory vaccine,

Bovishield One Shot Gold (Zoetis). This method has been shown

to induce a sickness-like inflammatory response (12). Nasal and

saliva swab samples were collected immediately prior to vaccination

(VAX) and 29–30 h after vaccination (VAX30), at the anticipated

haptoglobin peak. Additional swab samples were collected from

20 focal animals, which included one–two animals from each

of 16 pens, 5–6 h after vaccination (VAX6), at the anticipated

cortisol peak.

To validate the vaccine as a model of illness, temperature was

measured for all steers and serum samples were collected from the

20 focal steers at the same time points as swab collection. Serum

samples were sent to the Kansas State Veterinary Diagnostic Lab

(Manhattan, KS) for haptoglobin assay and to the Texas Veterinary

Medical Diagnostic Lab (College Station, TX) for cortisol assay.

Temperature, haptoglobin, and cortisol levels increased from the

first to the third sample collection time (unpublished data).

Changes in temperature and serum haptoglobin confirmed the

presence of an inflammatory immune response. Swabs from

nine cattle were excluded from the training process due to

baseline temperature of >40◦C indicating a high likelihood of

pre-existing illness.

At each sample collection point, three nasal swabs and three

saliva swabs were collected from each animal, resulting in a total of

12 samples collected from each steer, and an additional six samples

from each of the 20 focal animals. All saliva and nasal swab samples

were collected by the same person, who wore clean nitrile gloves

that were changed between animals. For nasal swab samples, a

bundle of three 6
′′

cotton-tipped wooden swabs (VWR, Radnor,

PA) were inserted into the steer’s left nostril at a depth of 2–3
′′

and

swirled until saturated. For saliva swab samples, an identical bundle

of three swabs was inserted into the steer’s mouth and rubbed

against the tongue until saturated. Swabs were immediately placed

into clean 40ml amber glass vials (QEC, Beaver, WV), the sticks

were trimmed, and the vials were sealed and placed in coolers, on

ice packs.

Immediately after each sample collection session, which were

3–4 h in duration, samples were frozen at −4◦C. One day

after all samples were collected, samples were transported on

dry ice to College Station, TX, where they were transferred to

an ultralow freezer (VWR, Radnor, PA) for storage at −80◦C.

Samples were stored for 4–11 months before use. Samples were

thawed the morning of the first day they were to be used

and placed into separate clean 20ml vials for use with the

olfactometers. Samples remained in the olfactometer at room

temperature, 16◦C−27◦C, for the duration of time in which they

were used.

2.3 Olfactometer

A lineup of three olfactometer devices were used to train dogs

and evaluate performance. The olfactometers were constructed

following a modified version of the design described by Aviles-Rosa

et al. (35). Each olfactometer was a battery-operated standalone

unit including an air pump, filter, air flowmeters, attachment points

for up to six sample vials, and a detection port with an IR beam

break sensor. Each olfactometer incorporated an Arduino Nano

BLE 33 microcontroller (Arduino, Somverville, MA, USA), which

interfaced via Bluetooth with a computer running the programs

created by Aviles-Rosa et al. (35) to control the olfactometers and

record data.

2.4 Training room

Dog training and testing was conducted in the same facility

as a previous study (10). The training room was 3.66m × 4.27m

and was maintained between 16 and 27◦C. The experimenter stood

near the back of the room, which included computer equipment,

storage cabinets for supplies, and a sink. The olfactometer boxes

were positioned in a line, 1m apart, against the wall opposite the

experimenter. During training, the experimenter encouraged the

dogs to search the olfactometers during trials and wait away from

the olfactometers between trials.

2.5 Cleaning procedures

Olfactometer ports were wiped with methanol between dogs,

which was allowed to evaporate for at least 60 s. The training room

was swept at least twice a week and mopped weekly and as needed.

Between uses, vials and PTFE tubing were washed with unscented

dish soap and hot water, dried in an oven at 135◦C for 30min, and

then rinsed with methanol. Empty clean vials were left open for

5min to allow the methanol to evaporate and subsequently placed

upside down in a clean storage box. New lids were used for all

samples. Study personnel always wore nitrile gloves when handling

vials or tubing.
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2.6 Reinforcement

Throughout the training and testing procedures, dogs’ correct

responses were reinforced with food rewards. An informal

preference test was conducted with each dog prior to the start of

training, in which dogs were offered a choice among two types of

dry food, canned food, Milk-Bones, soft chicken-flavored treats,

and peanut butter placed in a circle on the floor. This exercise was

repeated three times for each dog, with the position of each food

varied between repetitions. Molokai preferred chicken-flavored

treats (Zuke’s Mini Naturals, Zuke’s, Durango, CO, USA), and all

other dogs preferred peanut butter. Dogs’ preferred foods were used

as food odors and as reinforcers during training.

2.7 Dog training

Trainingmethods built on those used in a prior study (10). Each

dog underwent training 4–5 days per week, two 20-trial sessions per

day, over a 7-month period. The order in which dogs completed

training sessions was randomized daily. Dogs were trained on

combined nasal and saliva samples, e.g., a nasal and a saliva swab

collected from the same animal, at the same time, were placed in a

single vial. Odor lines were set to a flow rate of 1 L/min and clean

air lines were set to a flow rate of 0.5 L/min. No sample was used

for more than a week. Use of an olfactometer limited the samples’

exposure to air or other contaminants.

Phase I of training involved familiarizing the dogs with the

olfactometer devices and detection task. During Step 1, one

olfactometer presented a food odor during each trial and the other

two were empty. The required alert time for reinforcement was set

to 0.1 s, and dogs were allowed to continue sniffing if an incorrect

odor port was selected. In this step of training, the olfactometers

were set to “Wait for correct response” due to the short alert time

required, so the trial did not end if the dog sniffed an incorrect odor.

When the correct odor was selected, dogs were provided with a food

reward and the trial ended, initiating a 20 s inter-trial interval. If

dogs did not select the correct odor port within 45 s, the trial ended

with no reinforcement. Once dogs reached an accuracy rate of 65%

within a session (13/20 correct), they advanced to the next step.

In Step 2, the required alert time was increased incrementally to

1 s, via gradual addition of randomized variation in alert time, to

minimize dog frustration. In step 3, the alert time was incrementally

lengthened to 4 s. In Step 4, a 4 s alert was required, and “Wait

for correct” was deactivated, so dogs were not allowed to continue

searching after an incorrect response.

During Phase II of training, the food odor was replaced by

an artificial scent, isoamyl acetate diluted in mineral oil at a

concentration of 10−4. Steps 1–4 were repeated with the new odor;

however, three out of four dogs (Amy, Runnels, andMolokai) never

reached the accuracy criterion to progress. Because detection of

isoamyl acetate was not directly relevant to the project’s goals, the

accuracy criteria for this phase were ultimately waived.

In Phase III of training, during each trial, one olfactometer

presented odor from a sample collected 30 h post-vaccination,

while the other two presented odor from two empty vials. Steps

2, 3, and 4 were repeated at this phase. In Phase IV, the target

odor was a sample collected 30 h post-vaccination, with distractor

odors including another sample from the same animal at the

time of vaccination and an empty vial. During this phase, each

trial included one target odor and any combination of the two

distractors (e.g., some trials included the pre-vaccination sample

and the blank, some had two pre-vaccination samples, and some

had two blanks). Training steps 2, 3, and 4 were repeated as in Phase

III. Phases III and IV lasted a total of 13 weeks, during which 28

sample sets were used. Due to technical difficulties, during some

training sessions, only two olfactometers were available. In Phase

III and IV, trials with only two olfactometers did not include an

empty vial as a distractor.

2.8 Detection test

Samples from 59 steers were reserved for a double-blind

detection test. Tests were conducted in the same room as the

training sessions. The same olfactometer system was used as was

in training, with three samples presented to the dog during each

trial. However, the olfactometer software was modified so that each

trial included one target odor, one pre-vaccination distractor, and

one empty vial. The olfactometer program did not indicate the

location of the correct odor to the experimenter, only whether the

dog should receive a reward after the trial was complete.

Each dog was tested on all 59 sets of samples. To prevent

dog fatigue, sessions occurred on 29 days, over a 6-week period.

Dog order was randomized each day to mitigate effects of any

sample deterioration. Two sample sets were used during each day

of testing, except on day 20, when three sets were used. Each dog

was tested on 39 sets of combined nasal and saliva swab samples

and completed a 20-trial session with each sample set. For the

remaining 20 sample sets, each dog completed 10 trials with saliva

swabs only and 10 trials with nasal swabs only.

To control for transfer of learning from the nasal swab task to

the saliva swab task or vice versa, two dogs were presented with

nasal swabs first and two dogs were presented with saliva swabs

first for each sample set. Assignments of dogs to sample types

were balanced and pseudorandomized across the 20 sample sets.

Additionally, the positions of nasal and saliva swab sample vials in

the olfactometer were changed between sample sets. For instance,

the first sample set for which nasal and saliva swabs were separated

had the saliva swabs placed in valves 1 and 3 of the olfactometers,

and the nasal swabs in valves 2 and 4. These positions were reversed

for the second set, with nasal swabs in valves 1 and 3 and saliva

swabs in valves 2 and 4.

2.9 Data analysis

Only dogs’ responses on the first trial of each test session was

considered in evaluating performance. For all tests, results were

considered significant at p < 0.05 and tendencies at p < 0.10.

Dog performance was reported as the proportion of samples

correct and the standard error. Binomial exact tests were performed

to determine whether dogs’ accuracy differed from chance. Chance

accuracy was set at 0.5 as a conservative estimate, because each
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trial included only one target and one distractor sample, and dogs

were not expected to alert on the third, odorless olfactometer at the

same rate as the target and distractor samples. Binomial tests were

calculated in Microsoft Excel Version 16.42 (Microsoft, Redmond,

WA). PROC NPAR1WAY in SAS (SAS Institute Inc, Cary, NC)

was used to perform Kruskal-Wallis tests to identify differences

in accuracy between dogs, between dogs’ first and second training

session of the day, between nasal and saliva samples, and between

the first and second type of swab presented to the dog. In tests

with more than two classes, means were compared via the Dwass-

Steel-Critchlow-Fligner (DSCF) method. Numerical results were

reported as mean± standard error.

To evaluate the extent to which dogs’ responses to each sample

were consistent with each other, responses to each sample set were

classified by how many dogs responded correctly. The frequency of

each response pattern was compared to the frequency expected by

chance via an exact test for goodness of fit. Dogs’ collective accuracy

was assessed by scoring a correct response by 3 or 4 dogs as “1,” a

correct response by two dogs as “0.5,” and a correct response by 0 or

1 dogs as “0.” The mean of these scores was the consensus accuracy.

A binomial test was used to determine whether consensus accuracy

differed from chance.

To determine whether dogs responded preferentially to

particular olfactometers, the dogs’ response frequency at each

olfactometer was compared to the frequency expected by chance

via an exact test for goodness of fit.

3 Results

Throughout the 236 test trials evaluated for accuracy, dogs

selected the olfactometer with no odor five times (2.11%), selected

the distractor odor 91 times (38.5%), selected the target odor 133

times (56.4%), and did not respond seven times (2.97%; Figure 1).

Average accuracy across all four dogs tended to be greater than

chance (0.56 ± 0.03, p = 0.06; Figure 2). Individually, however,

Molokai’s performance was above chance (0.73± 0.06, p= 0.0006),

while Amy (0.44 ± 0.06, p = 0.43), Cheaps (0.53 ± 0.07, p = 0.79),

and Runnels (0.56 ± 0.06, p = 0.43) did not respond correctly at a

rate different from chance. There were differences in performance

between dogs (χ2
= 10.48, p = 0.02), however, the only significant

pairwise difference was between Molokai and Amy (DSCF = 4.47,

p= 0.009).

Average accuracy in dogs’ first session of the day was 0.61 ±

0.05, and accuracy in the second session was 0.52± 0.05. Accuracy

between session times did not differ (χ2
= 2.17, p = 0.14). Also,

accuracy did not vary between nasal swabs (0.63 ± 0.08) and saliva

swabs (0.53 ± 0.08, χ2
= 0.81, p = 0.37), neither of which differed

from chance accuracy (Table 1).

To evaluate whether dogs transferred learning about one

sample type to responding to a different sample type, dogs’

performance on the first trial of each half of the “Split Test” sessions

was compared. Dogs’ mean accuracy on the first sample type they

encountered was 0.58 ± 0.06, and accuracy on the second sample

type they encountered was 0.61 ± 0.05. There was no difference in

performance (χ2
= 0.23, p = 0.63), indicating that prior exposure

to a different type of sample from the same animal did not impact

dogs’ performance.

To determine whether dogs collectively responded correctly

to some samples more than others, responses were evaluated for

consistency between dogs. With a cohort of four dogs, there were

five possible accuracy outcomes for each sample set (0, 1, 2, 3, or

4 correct). The expected likelihood of each outcome was calculated

(0.063, 0.25, 0.375, 0.24, 0.063), and this distribution was compared

FIGURE 1

Dogs’ frequency of responses to target, distractor, and no-odor samples and the frequency of non-response on the first trial of each test sessi.
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FIGURE 2

Average accuracy of each of four dogs, and overall average accuracy, on the first trial in each test session. The horizontal line indicates accuracy

expected by chance.

TABLE 1 Dogs’ average proportions of correct responses on nasal and

saliva swabs on the first trial in each test session.

Saliva Nasal

Amy 0.5 0.3

Cheaps 0.5 0.6

Molokai 0.7 0.8

Runnels 0.4 0.8

Average 0.53 0.63

to the actual frequency of response outcomes (2, 5, 9, 18, 25). Dogs

did not agree with each other more often than expected by chance

(χ2
= 4.57, p= 0.33).

The performance of all four dogs as a group was calculated

from the number of sample sets for which more than half the dogs

responded correctly (scored as 1), half the dogs responded correctly

(scored as 0.5), or no dogs responded correctly (scored as 0). The

mean score, or consensus accuracy, was 0.60 ± 0.06 and did not

differ from chance (p= 0.12).

There was no evidence of bias toward a particular olfactometer

from Amy (χ2
= 1.78, p = 0.45), Cheaps (χ2

= 5.41, p = 0.07),

or Molokai (χ2
= 0.03, p = 1.00). However, Runnels did not

respond equally to the three olfactometers (χ2
= 7.68, p = 0.02),

and selected the middle olfactometer in 45.8% of trials and the

right-hand olfactometer in 16.9% of trials (Figure 3).

4 Discussion

In this study, four dogs were trained to alert on nasal and saliva

swab samples from cattle undergoing an inflammatory immune

response. In double-blind tests with novel samples, neither the

mean accuracy of all four dogs nor the collective accuracy of the

four dogs if considered as a panel differed from chance. One dog

correctly identified swabs at a rate greater than chance, while the

other three did not.While Runnels and Cheaps’ numerical accuracy

increased from the previous study, this was due to design changes.

Previously, dogs were presented with two negative samples and

one positive in each trial so chance accuracy was 0.33 (10). In

this study, each test trial included one target, one distractor, and

one unscented station, which dogs were not expected to select

as often as the cattle swabs, if at all (Figure 1). This produced

a chance accuracy rate of ∼0.5. Notably, the dog that exceeded

chance accuracy in the prior study, Cheaps (10), was the only dog

to respond well to isoamyl acetate during training. Nonetheless,

he did not exceed chance accuracy in distinguishing between pre-

vaccination and post-vaccination cattle samples; while Molokai,

an inexperienced dog, was successful. Differences in individual

dogs’ ability to generalize from training samples to test samples

in a disease detection paradigm are not unusual. For instance,

Grandjean et al. (36) trained 14 dogs for COVID-19 detection,

only six of which progressed to testing. Similarly, in a cancer-

detection study, two of 10 dogs learned to distinguish between

familiar case and control samples, and neither of those successfully

identified odors from unfamiliar samples (37). In dogs with prior

scent detection experience, three of four dogs failed to generalize

a cancer odor across multiple urine samples (24). Therefore, one

dog’s success at identifying swabs from cattle undergoing a sickness-

like immune response indicates that there was an inflammation-

related pattern of changes in volatile organic compounds (VOCs)

present in bovine nasal and saliva samples, even though not all dogs

successfully identified it.

The presence of different concentrations of volatile organic

compounds in the breath of healthy cattle and cattle with BRD
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FIGURE 3

Proportion of responses at each olfactometer made by each dog on the first trial of each test session.

has been documented in several studies. Potential VOC markers

of bovine respiratory disease include increased acetaldehyde and

decanal (38) and decreased phenol, benzothiazole, p-cresol, and 5-

octadecanal (39). However, the presence of specific VOCs can vary

depending on the species and strain of pathogen(s) present (40, 41)

making VOC-based detection of BRD, which involves multiple

pathogens, particularly challenging.

The results of this study cannot be directly compared to

evaluations of the accuracy of clinical illness (CI) scoring by

humans. The vaccination challenge protocol used in this study

simulates animals’ immune response during the initial period of

illness, which was chosen because developing a screening for

detection of BRD prior to the onset of severe symptoms, in order

to allow early treatment, is of interest to cattle producers. Studies of

CI scoring, however, typically involve evaluation of spontaneously

or experimentally infected animals in field settings (3, 42), in which

animals may exhibit more severe symptoms of illness. Additionally,

in this study, dogs compared samples collected from the same

animal at different points in time, rather than samples from

multiple animals, and were required to choose between one of

two samples, rather than making independent decisions about the

health status of each animal.

A second objective of this study was to compare the efficacy

of nasal and saliva swabs as detection targets. In a previous study,

two of the four dogs had been trained in olfactory detection of

BRD using nasal swabs only (10). In this study, in which dogs were

trained using combined nasal and saliva swab samples, accuracy of

dogs’ first response to unfamiliar samples did not differ between

nasal and saliva swabs. Numerically, accuracy was higher with nasal

swabs than with saliva swabs, and patterns of accuracy by swab type

appeared to vary between dogs- Runnels had twice as many correct

responses on nasal swabs as saliva swabs, while accuracy on each

swab type was similar for Cheaps andMolokai, and Amy responded

correctly to more saliva swabs than nasal swabs. However, testing

with separate nasal and saliva swabs was performed using relatively

few samples, limiting the possibilities for statistical analysis at the

level of individual dogs, and limiting the power of the overall

comparison of accuracy by swab type. Therefore, it is possible that

investigations using a larger sample size could be more informative.

Additionally, dogs’ performance on the first sample type they

encountered from a given animal was similar to performance on

second sample type they encountered, indicating that there was

no transfer of learning about a specific animal’s sickness-related

VOC signature across sample types. Nasopharyngeal swabs have

previously been used in canine COVID-19 detection studies, with

sensitivity of 65%−82.6% and specificity of 89%−96.4% (43, 44).

However, nasal and saliva swabs are rarely used in canine olfaction

studies (6) and have not previously been compared.

Dogs’ agreement with each other did not differ from chance,

indicating that there was no pattern of increased or decreased

accuracy on particular samples. This corresponds with the findings

that three of the four dogs were responding essentially at random

and suggests that there was no pattern of olfactory stimuli that

made some samples “easier” than others to identify. However,

further research is warranted to investigate whether the responses

of the one dog that did perform more accurately than chance

correspond with other indicators of illness in the animals from

which the samples were collected.

Time of day did not affect dogs’ accuracy, as dogs performed

equally well in their first and second test session of the day. Panting,

a result of exercise and high environmental temperature, interferes

with dogs’ ability to respond correctly during scent detection tasks

(45). In this study, dogs were given a period of outdoor exercise

prior to each training or test session; however, due to the time of
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day, outdoor temperature was higher during the exercise period

prior to dogs’ second test session each day. The lack of performance

decrement in the second session indicates that the time when

dogs were allowed to rest indoors while the olfactometer was set

up for each test session was sufficient to mitigate the effects of

outdoor exercise.

Most dogs did not respond disproportionately to any specific

olfactometer, indicating that odor contamination or repetitive

behavioral patterns resulting in a biased response were not likely

to be causes of poor performance.

The results of this study are a promising indicator that dogs

have the capacity to identify a sickness-related olfactory signature

in cattle. However, only one dog was successful in distinguishing

between healthy and sickness-model samples, underscoring the

importance of dog selection in training for olfactory detection

tasks. There are links between dog personality and performance

in a variety of Working careers: trainability, fearlessness, and

low reactivity to touch are predictive of success (46). Motor

inhibitory control and persistence in searching are linked with

accuracy in explosives detection (47). Detection dog performance

is also associated with success on cognitive tasks assessing memory,

response to human cues, and odor discrimination (48). Therefore,

using a battery of behavioral and cognitive tests to select dogs for

detection training could increase success rates in future studies.

Additionally, the olfactometer devices used in this study collect

a variety of data about dogs’ patterns of search and response

behavior (35). There is evidence that dogs’ sniffing durations differ

between correct and incorrect responses during a detection test

(49). Examining other characteristics of dogs’ responses could also

be informative, and further analysis of dogs’ behavior is planned as

part of a future project.
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