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Medical detection dogs have potential to be used to screen asymptomatic patients in crowded areas at
risk of epidemics such as the SARS-CoV-2 pandemic. However, the fact that SARS-CoV-2 detection dogs
are in direct contact with infected people or materials raises important concerns due to the zoonotic
potential of the virus. No study has yet recommended a safety protocol to ensure the health of SARS-
CoV-2 detection dogs during training and working in public areas. This study sought to identify suitable
decontamination methods to obtain nonpathogenic face mask samples while working with SARS-CoV-2
detection dogs and to investigate whether dogs were able to adapt themselves to other decontamination
procedures once they were trained for a specific odor. The present study was designed as a four-phase
study: (a) Method development, (b) Testing of decon- tamination methods, (c¢) Testing of training method-
ology, and (d) Real life scenario. Surgical face masks were used as scent samples. In total, 3 dogs were
trained. The practical use of 3 different decontam- ination procedures (storage, heating, and UV-C light)
while training SARS-CoV-2 detection dogs were tested. The dog trained for the task alerted to the sam-
ples inactivated by the storage method with a sensitivity of 100 % and specificity of 98.28 %. In the last
phase of this study, one dog of 2 dogs trained, alerted to the samples inactivated by the UV-C light with
a sensitivity of 91.30% and specificity of 97.16% while the other dog detected the sample with a sensitivity
of 96.00% and specificity of 97.65 %.
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Introduction

Medical detection dogs have drawn the attention of researchers
because of their potential role in screening asymptomatic SARS-
CoV-2 patients in public places (Williams and Pembroke, 1989;
Pirrone et al., 2017; Dickey et al., 2021). Studies report that dogs
can detect SARS-CoV-2 from human secretions with greater sensi-
tivity and specificity than do routine diagnostic methods such as
RT-PCR and rapid COVID-19 Ag test (Grandjean et al., 2020; Essler
et al,, 2021; Jendrny et al,, 2021). While these results are promis-
ing, some health and welfare concerns about people and animals
have also emerged (D’Aniello et al., 2021). One of the main con-
cerns about SARS-CoV-2 detection dogs is that different animal
species, including dogs, may be infected with this virus, which has
a zoonotic potential (Frutos et al., 2020; Shi et al., 2020; Sia et al.,
2020). Furthermore, some animal species displayed clinical symp-
toms in a laboratory environment or in isolation, which brings se-
rious concerns about public health (Shi et al., 2020). Recently, after
it SARS-CoV-2 was transmitted from minks to humans (Munnink
et al., 2021), millions of minks were culled by the Danish Govern-
ment. This incident leads to controversial discussions about public
health and animal welfare aspects, as well as some concerns about
the risk of SARS-CoV-2 transmission from contaminated materials
to dogs and humans (Frutos and Devaux, 2020).

Only a few studies have addressed the precautions needed in
order to protect the health of dogs and handlers when train-
ing SARS-CoV-2 detection dogs (Essler et al., 2021; Jendrny et al.,
2021). There are currently no studies that provide an applicable
method for sterilization of training aids or use of these dogs in
public areas. Some researchers used sweat swabs as training ma-
terials since sweat samples were considered safe for the purpose
(Grandjean et al., 2020). However, considering the high mutation
rate of SARS-CoV-2 (Nguyen, 2022) and findings of infected sweat
glands in humans with SARS-CoV-2 (Liu et al., 2020), serious safety
risks may arise for the dogs and handlers during such training
where infected samples are used. Due to these concerns, recent
studies on SARS-CoV-2 detection dogs mainly focused on alterna-
tive samples such as urine (Essler et al., 2021) and used decontam-
ination methods such as chemical or heat inactivation (Essler et al.,
2021; Jendrny et al., 2021). However, none of these methods seems
to be ideal.

Face-mask sampling is suggested as a noninvasive and accu-
rate method which can be used for the diagnosis of SARS-CoV-2
infection (Williams et al., 2020). So far, only one study has used
face masks as a training material (Eskandari et al., 2021) although
wearing face masks became a normal human behavior in the SARS-
CoV-2 pandemic. Face masks have the potential to be good sam-
ple candidates for bio-detection dogs as the masks trap respira-
tory droplets containing infectious agents as well as volatile or-
ganic compounds (VOCs) which are specific to the ongoing infec-
tion (Chua et al., 2020).

When using face masks (breath samples) in medical detection
dog training, it is important to consider tuberculosis, which is a
zoonotic infection caused by the Mycobacterium tuberculosis com-
plex (MTBC). Tuberculosis is currently accepted as a global health
concern with 10 million cases of tuberculosis recorded in 2019 and
being the most common infectious pathogen-related cause of mor-
tality in the human population (Chakaya et al., 2021). Although
people are the natural reservoir hosts of M. tuberculosis which is
one of the most prevalent and pathologic species of MTBC, an-
imals can get infected by this agent and become sources of in-
fection for humans (Une and Mori, 2007; Posthaus et al., 2011).
The agent can be transmitted through the breath and respiratory
droplets, just like the SARS-CoV-2 virus (Williams et al., 2020). It
is well known that the incidences of dog and human tuberculo-
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sis are closely related. For instance, in one study, half of the dogs
owned by people who had M. tuberculosis tested positive for the
infection (Posthaus et. al.,, 2011). Although it is uncommon, there
have further been reports of M. tuberculosis transmission from dogs
to humans (Erwin et al., 2004; Posthaus et al., 2011; Pesciaroli et
al., 2014). In previous studies, a co-infection of SARS-CoV-2 and
M. tuberculosis has been shown in humans, and both agents could
contaminate face-masks with respiratory droplets during coughing
(Shah et al.,, 2022). Although there is no study on the transmis-
sion of infectious agents to dogs while sniffing, one should con-
sider that there is a risk for the detection dogs to inhale tuber-
culosis agents from infected face masks in particular in training
conditions where the same masks are used several times. Thus, it
is of critical importance to inactivate possible tuberculosis agents
in materials including respiratory samples while training detection
dogs. It is also significant to know whether these samples from
human patients contain any pathogenic mycobacteria. We inves-
tigated the possible existence of the MTBC and M. tuberculosis in
breath samples of humans used in training of medical detection
dogs.

Infection detection dogs for SARS-CoV-2 are assumed to smell
the infectious specific VOC profiles released by the cells and
pathogens in the body fluids and breath of patients (Dickey and
Junqueira, 2021). The VOC profile of the infected sample can
change due to several factors, such as environmental odors, sam-
pling procedure, and the sterilization method used for decontami-
nating the samples (Sakr et al., 2022). Thus, finding a decontami-
nation method which would not change the VOC profiles (odor of
the samples) and would be applicable to the field is of great impor-
tance. Furthermore, dogs have to be trained and tested in different
environments to avoid the context-shift effect and to be prepared
for real-life scenarios so that they can be used as early warning
detectors in case of disease outbreaks (D’Aniello et al., 2021). All
those factors should be taken into account while working with in-
fection detection dogs in order to avoid any false association of the
dog’s response with the scent. This study aimed to test different
decontamination methods to obtain virus free face mask samples
while working with SARS-CoV-2 detection dogs.

Materials and Methods
Phase I: Method Development

Sample Collection: Ethical approvals were obtained from
the Local Ethics Committee on Animal Experiments of Ankara
University (2020-16-142) and from the Ethical Committee for
Non-Invasive Medical Treatments of Duzce University (2020/
158).

Standard disposable surgical face masks with three layers of
protection were collected from patients who were RT-PCR positive
and negative for SARS-CoV-2. Before the mask collection, each indi-
vidual was informed about the protocol, and they signed informed
consent. Each patient’s demographic information and medical his-
tory were taken (Table 2). The patients had to wear face masks
for at least 4 hours before the sample collection. Before the masks
were collected, the patient was asked to take 10 deep breaths. The
mouth region of the mask was cut into 4 equal pieces and placed
into 4 glass vials, each of which had a 20 ml capacity. Vials were
labeled Vial 1, 2, 3, and 4, written on the vials together with the
patient number. All vials were sealed with a manual vial crimper
to prevent any gas transfer to the environment. In order to avoid
any false positive detection associated with the hospital odors, un-
used masks kept in the same environment with the patients were
also collected into vials as control samples. Vials 1 and 2 were sent
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Masks were only used if the BSL-3 lab
confirmed that inactivation was completed
for each sample of the same mask.
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Figure 1. Protocol of the methodological development and testing stages.

to the BSL-3 laboratory, while Vial 3 was sent to the microbiol-
ogy laboratory. Vial 4 was sent directly to the dog training center
(Figure 1). Training samples were used only if the samples at the
BSL-3 laboratory were confirmed to be virus free.

Decontamination Methods: Two different decontamination pro-
cedures were used.

Sample Storage Procedure: The storage procedure was used as
the primary decontamination method. All masks in Group 1 were
exposed to this procedure. Vials were kept at an ambient tempera-
ture (15-20°C). The virus load of the samples was tested on a daily
basis until the samples were confirmed to be SARS-CoV-2-free. The
storage procedure lasted minimum of 7 days and maximum of 10
days.

Heat Inactivation Procedure: The masks in vials 2 were exposed
to 60°C for 90 minutes. The virus load of the masks was analyzed
after the heat inactivation, and all masks were confirmed to be
SARS-CoV-2-free.

Confirmation of SARS-CoV-2 Decontamination in Facemasks:
Since SARS-CoV-2 is a BSL-3 pathogen, all biological assays with
live SARS-CoV-2 were performed in a certified Physical Contain-
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ment Level 3 (PC3) Laboratory. Vero E6 (ATCC CRL-1586) cell lines
containing an abundance of ACE2 (angiotensin-converting enzyme
2) receptors were also used to detect the decontamination status
of test materials. The presence and absence of the viral load in
the decontaminated face mask was detected by three blind pas-
sages in the Vero E6 cell. The face mask samples collected from
patients and subsequently decontaminated by one of the proto-
cols were used in the study. Decontaminated face masks were
incubated in air-tight tubes containing viral culture media (viral
stock) for 24 hours before Vero cell inoculation. The day before in-
oculation, 20,000 cells were seeded per well in 24-well cell cul-
ture plates and then incubated overnight at 37°C in a humidified,
5% CO, atmosphere-enriched chamber. On the day of inoculation
(when the cell's confluency reached approximately 90%), undiluted
viral stock (unknown viral load on masks) was inoculated onto
Vero cells in 24-well plates in quadruplicate. The culture is checked
for cytopathic effect (CPE) daily, which should be obvious 3-4 days
postinoculation (dpi). This protocol was repeated three times, and
the samples with no SARS-CoV-2 indicative CPE after the third pas-
sage were accepted as SARS-CoV-2-free.
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Primers used for the investigation of presence of M. tuberculosis and MTC in face masks (Chae et al., 2017)

Primer Sequences Target organisms

Target gene Amplicon size (bp)

5’-ATGCCCAAGAGAGAAGCGAATACA-3’
5'-AATGTCAGCCGGTTCCGCAA-3’
5'-GTGTAGGTCAGCCCCATCC-3’
5’-GTAAGCGCGTGGTGTGGA-3’

M. tuberculosis
complex
M. tuberculosis

rv0577 705

RD9 369

Mycobacterial Investigation (Confirmation of Mycobacterium-
Free Masks): Face masks worn by humans and to be used as
training samples for dogs were submitted in the vials labeled
as Vial 3 to the microbiology laboratory. This was done to re-
duce the possibility that handlers or dogs would be exposed to
TB during training. Following steps were performed for microbial
investigation:

Bacterial strains and DNA: Mycobacterium tuberculosis DNA was
obtained from National Tuberculosis Reference Laboratory, Public
Health Institution of Turkey. Mycobacterium smegmatis strain was
obtained from culture collection of Department of Microbiology,
Faculty of Veterinary Medicine, Ankara University. M. tuberculosis
DNA was used as a positive control in PCR tests, while M. smegma-
tis was used as a control in bacterial culture performed to confirm
inactivation of face mask samples.

Inactivation of face mask samples: Face mask samples in Vials
were heat-inactivated by boiling in a water bath for 20 min at
80°C. Bacterial culture was performed in Middlebrook 7H9 broth
for confirmation of inactivation (Sabiiti et al., 2019).

DNA extraction from face mask samples: Samples in the form of
a small square (square side length is taken as 2 cm approximately)
were cut from the center of the face mask samples. These samples
were cut into small pieces using a double scalpel in a sterile petri
dish. These pieces were added to a sterile eppendorf tube. One
hundred eighty micro liter of buffer ATL was added to the sam-
ples, and the proteinase K step was incubated at 56°C for 1 h. DNA
was purified per manufacturer’s [QIAamp DNA Mini Kit (QIAGEN,
Germany)| recommendations through a spin column.

Multiplex PCR investigation of gene targets: Multiplex-PCR was
performed in a final volume of 20 ul PCR mix containing 10 ul
of Multiplex PCR buffer, 0.6 pl of 10 pM concentration of each
primers (Table 1), 5 pl of extracted DNA and molecular grade wa-
ter. Presence of Mycobacterium tuberculosis complex and M. tuber-
culosis were investigated by multiplex PCR using Phusion U Mul-
tiplex PCR Master Mix (Thermo Scientific) according to the man-
ufacturer’s instructions. PCR amplification controls were 1 cycle of
pre-denaturation by incubation for 30 seconds at 98°C; 30 cycles of
denaturation for 10 seconds at 98°C; primer annealing for 30 sec-
onds at 60°C; extension for 30 seconds at 72°C; followed by 1 cycle
of final extension for 10 min at 72°C. PCR products were checked
on 1.5% (wt/vol) agarose gels.

Animal Study

Dog: A 3-year-old uncastrated male border collie (Zippo) was
trained in this phase. Zippo had no previous history of scent-work
training.

Training Protocol: Mask samples in Group 4 were kept in vials
at an ambient temperature until the virology and microbiology
teams informed the handler that the samples were safe to be used.
Positive samples (n=15) were divided into 3 groups considering
the history of chronic disease and medical treatment of patients
(Figure 2). The training, which was conducted in an indoor training
area, lasted 10 weeks in total. The positive reinforcement method,
in which a ball was used as a reward, was used for training. The
following stages were conducted:
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Stage 1 (Scent box acclimatization): Only one box used in this
stage. A beef-scented dog toy was placed in the scent box. The
handler marked a correct response with a clicker as soon as the
dog placed his nose in the scent box and then delivered the re-
ward ball. This stage was considered complete when the dog put
his nose into the hole without any hesitation.

Stage 2 (Nose-work training): The dog was asked to find the
beef-scented toy, which had been placed into one out of 10 boxes.
This stage was considered complete when the dog identified the
beef-scented box in five consecutive sessions. The location of the
beef-scented box changed in each session.

Stage 3 (Identification-1): The same procedure as in the scent
box acclimatization (stage 1) was conducted except that a positive
mask was placed instead of the scented toy.

Stage 4 (Identification-2): The same procedure as in the nose
work training (stage 2) was conducted except that a positive mask
was placed instead of the scented toy in this step. The dog was
searching 9 boxes instead of 10 boxes since the box which had
been used for searching the scented toy was excluded in this step
in order to avoid any association with the scent. Positive masks
used in the identification steps belonged to patients with SARS-
CoV-2 symptoms and PCR-positive results. No medical treatment
had yet started for those patients (Figure 2).

Stage 5 (Discrimination): In the discrimination step, one box
was always filled with a PCR-positive patients’ mask, whereas oth-
ers were filled with either control samples, distractors, or both of
them. A randomized mix design was used in this step. Namely, dif-
ferent positive masks belonged to different patients with/without a
medical history of chronic diseases, and different kinds of control
masks and distractors were introduced to dogs in a randomized
order. This aimed to eliminate the possibility of the dog choos-
ing the box by chance or unintentional cues. The dog had to stand
still with his nose in the hole for five seconds before the handler
marked the response with a clicker. The toy was given to the dog
as soon as the clicker was activated. After each trial, the dog was
led out of the room. The boxes were ventilated and the sample
types, as well as locations, were changed. The dog was considered
successful if he marked the positive sample in 20 consecutive trials
in which the distractors were used.

Control samples were defined as follows: Unused mask, unused
mask from the same environment with the patient, empty vial,
masks from healthy patients, and masks belonged to healthy pa-
tients with seasonal allergy. All control samples were presented
in glass vials. Different clothes such as gloves, scarfs and hats of
healthy people were used as distractors.

Phase II. Testing of decontamination methods

One week following the completion of the training period, the
testing protocol was initiated. The testing protocol lasted 10 days.
Four different test trials per day were conducted. Each test trial
included 5 consecutive sample presentations. A single-blinded ran-
domized controlled trial design was used; the handler was blinded
to the location of the samples. The experimenter, who was unseen
by the dog, was standing at the corner of the room during the tri-
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Table 2
Demographic information of patients
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Patient Gender (Male:M, Age PCR Chronical On medication On medication for Duration of drug use
number Female: F) (years) Result Disease for SARS-Cov other reasons for SARS-CoV-2
1. M 54 + DM + + 7d
2. F 80 + H + + 3d
3. F 75 + DM + + 9d
4. F 74 + H + + 6d
5. F 37 + - + - 3d
6. M 29 + - + - 3d
7. M 50 + DM, H + + 2d
8. M 42 + - + - 2d
9. M 78 + - + - 5d
10. M 49 + - + - 3d
11. M 69 + DM + + 5d
12. M 82 + H + + 2d
13. F 67 + DM + + 2d
14. F 65 + DM + + 5d
15. F 72 + - + - 3d
16. M 53 + H + + 6d
17. M 78 + - + - 4d
18. F 88 + CVE + + 7d
19. F 85 + DM + + 2d
20. M 61 + - + - 4d
21. F 80 + DM + + 5d
22. M 39 + - + 4d
23. M 59 + H + - 3d
24. M 52 + - + - 6d
25. M 71 + H + + 5d
26. M 77 + H + + 4d
27. M 66 + - + - 2d
28. M 83 + - - - -
29. F 32 + - - -

*Abbreviations: DM: Diabetes Mellitus, H: Hypertension, CVE: Cerebrovascular event, d: days

als for approval/non approval of the positive sample after the dog’s
choice.

ILa. Testing of the Sample Storage Protocol: The same indoor
training area was used in this step. In total, 200 randomized mask
sample presentations were conducted with the dog. In total, 29 dif-
ferent positive masks were used (Figure 2). In each trial, the dog
was expected to find the SARS-CoV-2 positive mask in one of the
9 boxes (Figure 2). One positive mask was always present in one
of the scent boxes. The same procedure was applied as in stage
5 except that the handler was blinded to the location and status
of the samples. Randomized designs with controlled samples and
distractors were used in this step.

ILb. Testing of the Heating Protocol: This procedure was carried
out to evaluate the ability of the dog to generalize the smell spe-
cific to samples exposed to the storage procedure in samples that
were heat-treated. One week after the testing of the storage pro-
tocol, the heating protocol was tested. Three consecutive sessions
were conducted in this step.

Phase III. Testing of the Dog Training Methodology

This phase was conducted in order to test the methodology in
different dogs and, further, to assess the dogs’ diagnostic perfor-
mances in different contexts, such as indoor and outdoor environ-
ments.

Dogs: A Labrador retriever (4 years old, female) and an English
cocker spaniel (3 years old, female), belonging to the Republic of
Turkey Ministry of Interior Gendarmerie Commando Special Op-
erations, were trained. The Labrador retriever (Rofle) was an ex-
perienced bomb detection dog whereas the English cocker spaniel
(Firfir) had no previous history of basic obedience training or scent
work.

Dog training: The same training samples, which were decontam-
inated by storage procedure (as in the First Stage) were used for
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the training of Rofle and Firfir. The training samples were used
in a randomized order during the training. Different scent plat-
forms were used in this phase of the study (Figure 3). The scent
identification was performed in an indoor environment. After the
scent identification was successfully completed, scent discrimina-
tion training started. The discrimination work started with wooden
scent boxes as in the first phase. When the dog was able to suc-
cessfully alert to the positive sample among others for 5 consec-
utive randomized trials, the scent platform was changed to the
portable aluminum scent platform. The dogs were trained on the
portable scent platform in indoor and/or outdoor environments for
discrimination work in the presence of various sounds and people.
Dogs were found to be successful after they found the randomly
placed positive samples in 20 consecutive trials in which the dis-
tractors and control samples were used.

Phase IV: Real-life scenario

Testing usability of UV-light as a decontamination method:
Since the storage procedure was not practical for contemporane-
ous public screening, UV LED technology-based decontamination
method was used in this phase of the study. Because the effec-
tiveness of UV-C light in inactivating SARS-CoV-2 has already been
demonstrated in various studies (Hitchman, 2020), no further test-
ing of this method’s inactivation performance was performed.

A SINED UV portable sterilizer (Mahaton Fold Tableware Steril-
izor) consisting of a top emitter of UV-C light was used to inacti-
vate the masks. The Sterilizer featured a 10mW high-power, deep
UV LED lamp for disinfection of surfaces. In order to test the pos-
sible effect of UV light on the scent, the training samples were
exposed to UV light for 90 seconds. Four consecutive test trials
were conducted for each dog (Figure 4) previously trained on the
samples that were not UVC sterilized. Since no hesitation and/or
false alert was detected in dogs, training sessions with UV-exposed
masks were initiated. In total, 621 UV-exposed face masks were
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Figure 3. Scent platforms used in this study (a: Wooden scent boxes, b: Vertical
scent platform, ¢: Aluminum scent platform).

introduced to the dogs within a one-month period in different in-
door and outdoor environments for preparing the dogs for a real-
life scenario.

Testing the dogs’ performances in a real-life scenario: Two
dogs were brought to the novel outdoor area at the Ministry De-
partment to demonstrate a real-life scenario. Staff (n=43) had
to give a PCR test regularly according to SARS-CoV-2 regulations.
Thus, all the masks collected from the staff were negative sam-
ples. The UV-exposed face masks of the staff working at the Min-
istry Departments were tested by the dogs. In total, 43 consecutive
trials were conducted with the dogs to test their performances in
real-life scenarios. In each presentation, one unknown mask, two
controls and one positive sample were presented to the dogs.

Statistical Analysis: The statistical analysis was performed using
SPSS 22.0. The accuracy (Acc=TP+TN | TP+ TN +FP +FN), sensi-
tivity (Se=TP | [TP+FN]) and specificity (Sp=TN / [TN + FP]) were
calculated according to Trevethan (2017).

Results
Phase I: Methodological Development

Storage and heating procedures: Investigation of virus load in the
face masks confirmed that the masks were SARS-CoV-2 free af-
ter both decontamination procedures. Both decontamination pro-
cedures were found to be successful in obtaining non-pathogenic
face masks.
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Figure 4. Test trials for testing the usability of UV-light as a decontamination
method.

Microbiological investigation of face masks: In the cultivated sam-
ples, there was no evidence of mycobacterial growth. PCR analysis
revealed no evidence of MTBC or M. tuberculosis DNA in face mask
samples. Thus, before the training, it was established that all masks
were Mycobacterium free.

Phase II: Testing of Decontamination Methods

Storage procedure: In total, 200 randomized sample presenta-
tions were conducted during the first testing phase. The detection
accuracy of Zippo was calculated as 98.73% with a sensitivity of
100% (95% Cl: 86.77%-100%) and specificity of 98.28% (95% Confi-
dence Interval (CI): 95.04%-99.64%). Positive Predictive Value (PPV)
and Negative Predictive Value (NPV) were assessed as 95.44% and
100%, respectively (Table 3).

Heating procedure: While testing the performance of Zippo with
the heating protocol, the dog alerted the heated sample after
smelling all boxes several times. The dog behaved in a confused
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Table 3
Diagnostic and sample detection performance of Zippo during testing the Sample
Storage Protocol-Phase 1

Diagnostic Performance Value 95% Cl
Sensitivity 100.00% 86.77% to 100.00%
Specificity 98.28% 95.04% to 99.64%
Positive Predictive Value (*) 95.44% 87.20% to 98.47%
Negative Predictive Value (*) 100.00%

Accuracy (*) 98.73% 96.03% to 99.79%
Sample Detection Performance

True Positive 26

False Positive 3

True Negative 171

False Negative 0

manner until targeting the heated mask in the box in the first
session. He smelled the target and the nearby boxes constantly
and displayed hyperventilation before finally alerting to the heated
sample. He found the mask in his second trial without any hesi-
tation. He also targeted the heated sample when the control sam-
ple (heated vial) was presented in a different box. Considering the
reaction of the dog, no further steps were conducted in order to
avoid any disassociation with the possibly changed odor after the
heating procedure.

Phase III: Testing the methodology with other dogs

Training success: The training methodology was found to be ap-
plicable to the infection detection dog training as both dogs suc-
cessfully completed the training steps within 1 month period.

Phase 1V: Real-Life Scenario

Testing usability of UV-light as a decontamination method: In to-
tal, 621 sample presentations were conducted for both dogs. The
diagnostic accuracy of Firfir was calculated as 95.61% with a sensi-
tivity of 91.30% (95% CI: 71.96%-98.93%) and specificity of 97.16%
(95% CI: 95.49%-98.34%). PPV and NPV were assessed as 92.05%
and 96.87%, respectively (Table 4). The diagnostic accuracy of Rofle
was calculated as 95.59% with a sensitivity of 96.00% (95% CI:
79.65%-99.90%) and specificity of 97.65% (95% Cl: 96.09%-98.71%).
PPV and NPV were assessed as 93.64% and 98.54%, respectively
(Table 4).

Testing the performances of the dogs in real life: In total, 43 sam-
ple presentations were conducted for each dog in a public place.
The diagnostic accuracy of the dogs was calculated as 100%, with
100% sensitivity (95% CI: 91.78%-100%) and 100% specificity (95%
Cl: 91.78%-100%).

Discussion

This study was conducted as a 4-phase study. The main objec-
tive was to investigate the effectiveness of different decontamina-
tion methods to obtain nonpathogenic samples which can be used
in SARS-CoV-2 detection dog work. Although some studies claimed
that decontamination is not necessary for SARS-CoV-2 detection
dog training (Grandjean et al., 2020; Eskandari et al., 2021), most
researchers highlighted the significance of safety concerns since
there is a potential risk for transmission from infected material to
the dog and/or handler (De Souza Barbossa et al., 2022; Essler et
al., 2022). In the first phase of this study, two different decontam-
ination procedures, storage and heating, were conducted to obtain
virus-free samples. Although both procedures were found to be ef-
fective in decontaminating the face masks, the storage procedure
was found to be more usable in training than the heating proce-
dure. In medical detection dog training, diseases are assumed to be
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detected by smelling the disease-specific odor from the body flu-
ids and/or breath samples of the patients (Schmidt and Podmore,
2015; Jendrny et al., 2021). Odor identification is suggested to be
related to VOCs released as a result of metabolic changes in the
body and act as a fingerprint of the disease (Abd El Qader et al,,
2015). In this study, all face masks including breath samples of the
patients were collected in air-tight sealed glass vials that are nor-
mally used in chemical analysis. As this is a standard methodology
for VOC analysis (Soini et al., 2010), one can presume that VOC
profiles would not change in the storage procedure. Thus, this pro-
cedure does not cause any change in VOC (odor profiles), at least
within the limits of what the dog can perceive. Even though it has
been reported that the odor profiles were maintained after heat
inactivation (Essler et al., 2021), in our study, the dog hesitated to
alert the heated sample in the first trial. Considering the success
rate and alerting speed of the dog during the storage procedure,
his hesitation after the heating procedure seemed to be related
to odor change. After recognizing the odor sample, the dog could
easily alert the heated sample in the second trial which suggested
that he formed a generalization to the heated sample after the first
trial. This finding supports the idea that once the dogs are trained
for a specific odor, they are able to adapt to other inactivation pro-
cedures (Essler et al., 2021). In this study, the training methodology
was tested with different dogs with different handlers in different
training environments. All dogs successfully completed the training
within the one-month period, which confirms the applicability of
the methodology to the SARS-CoV-2 detection dog training.

In the last phase of this study, a different decontamination pro-
cedure (UV-inactivation) was carried out. The performances of two
dogs, which had been trained with the masks exposed to storage
procedure, were tested with UV-exposed face masks. In contrast to
the heating procedure test, both dogs showed no hesitation and/or
confused reaction in the first trial. The diagnostic accuracy of both
dogs was measured as “excellent” considering the diagnostic cri-
teria by Simundi¢ (2009) after one month of training for real-life
scenarios. To our knowledge, this constitutes the first example of
an application of a fast decontamination method for samples pre-
sented to infection detection dogs. This study demonstrated that
UV-exposed face masks can be used as safe and non-invasive sam-
ples while using medical detection dogs for detecting infectious
diseases. Since the effectiveness of UV light in inactivating SARS-
CoV-2 was already shown in different studies (Hitchman, 2020;
Heilingloh et al., 2020), no further examination was conducted to
test the inactivation performance of this method. Further research,
however, investigating the effect of different UV-light types, differ-
ent application times, and different sample materials on inactiva-
tion would be beneficial.

This study met important criteria for success in transferring the
methodology to the field by providing a number and diversity of
samples during testing (Elliker et al., 2014). The dogs trained in
this study were able to discriminate between positive and nega-
tive samples collected from the same hospital environment. Thus,
the possibility of disassociation of the hospital odor was elimi-
nated. All of the dogs were also able to alert samples belonging
to patients from different groups, including patients with chronic
diseases (diabetes mellitus, hypertension, et cetera) who were tak-
ing medication. Although these kinds of diseases may change the
odor of the body fluids and breath, they do not seem to inter-
fere with the detection success of the dog. During the testing pro-
cedure, the dogs did not give false alerts to any of the samples
collected from individuals with chronic diseases. These findings
also show that the dogs can be trained by face-mask belonging
to SARS-CoV-2 patients regardless of their disease states or other
medical conditions. Although field studies with SARS-CoV-2 dogs
were already conducted (Gupta et al., 2021; Sakr et al., 2021), those
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Table 4

Diagnostic and Sample Detection Performance of Firfir and Rofle during testing usability of UV-light as a decontamination method- Phase IV
Dogs’ Name — Firfir Rofle
Diagnostic Performance | Value 95% CI Value 95% CI
Sensitivity 91.30% 71.96% to 98.93% 96.00% 79.65% to 99.90%
Specificity 97.16% 95.49% to 98.34% 97.65% 96.09% to 98.71%
Positive Predictive Value (*) 92.05% 87.70% to 94.95% 93.64% 89.72% to 96.14%
Negative Predictive Value (*) 96.87% 89.18% to 99.15% 98.54% 90.84% to 99.78%
Accuracy (*) 95.61% 93.68% to 97.08% 97.21% 95.59% to 98.36%
Sample Detection Performance Firfir Rofle
True Positive 21 24
False Positive 17 14
True Negative 581 582
False Negative 2 1

studies had certain limitations. The dogs either worked in close
contact with humans by sniffing their armpits (Sakr et al., 2021)
which may not be the desired method in particular for fearful
people or they sniffed body secretions such as urine which may
not be practical to be collected in the field. In this study, detec-
tion rates of the dogs during training and testing were seemingly
high. Thus, one may suggest that face masks are good training
samples that can easily be collected from patients in the hospital
and also from people in public places such as schools, airports, and
concerts.

In this study, the presence of M. tuberculosis and other M. tuber-
culosis complex members in the mask samples was investigated by
the PCR and neither of these agents were found in any of the mask
samples. Despite the fact that M. tuberculosis was not discovered in
any of the masks used in this study, it can be crucial to test breath
samples for Mycobacterium and use only free samples when train-
ing detection dogs, particularly in countries of South-East Asia,
Africa, and the Western Pacific considering the high prevalence of
the disease in those regions (Chakaya et al., 2021). If breath sam-
ples are taken, it is also important to routinely test the dogs for
tuberculosis.

Although results of this study are promising, one should be
careful to interpret the data obtained from this study. The main
limitation of this study was that since it was a pilot study, it had
a small sample size. Therefore, further studies with larger sam-
ple size are necessary to generalize the results of this study. The
other limitation was that the inactivation of viruses with the UV-C
method was not tested within the frame of this study. Future stud-
ies investigating the efficacy of different application times of the
same method and different UV-systems on virus inactivation are
needed to apply this technique for decontamination in the field.

Conclusions

This study shows that decontaminated face masks can be used
to train SARS-CoV-2 detection dogs. Storage and UV light can be
used to inactivate viruses in samples before training. UV light can
also be used as a fast inactivation method in the field. The find-
ings of this study are important to attract attention to safety prac-
tices while training dogs to detect infectious diseases which have
zoonotic potential.
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