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Abstract

Context: This review was undertaken to provide informa-
tion concerning the advancement of research in the area of
COVID-19 screening and testing during the worldwide
pandemic from December 2019 through April 2023. In this
review, we have examined the safety, effectiveness, and
practicality of utilizing trained scent dogs in clinical and
public situations for COVID-19 screening. Specifically, results
of 29 trained scent dog screening peer-reviewed studies
were compared with results of real-time reverse-transcrip-
tion polymerase chain reaction (RT-PCR) and rapid antigen
(RAG) COVID-19 testing methods.

Objectives: The review aims to systematically evaluate the
strengths and weaknesses of utilizing trained scent dogs in
COVID-19 screening.

Methods: At the time of submission of our earlier review
paper in August 2021, we found only four peer-reviewed
COVID-19 scent dog papers: three clinical research studies
and one preprint perspective paper. In March and April 2023,
the first author conducted new literature searches of the
MEDLINE/PubMed, Google Scholar, and Cochrane Library
websites. Again, the keyword phrases utilized for the searches
included “COVID detection dogs,” “COVID scent dogs,” and
“COVID sniffer dogs.” The Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) 2020
Checklist was followed to ensure that our review adhered to
evidence-based guidelines for reporting. Utilizing the results
of the reviewed papers, we compiled statistics to intercom-
pare and summarize basic information concerning the scent
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dogs and their training, the populations of the study par-
ticipants, the types of sampling methods, the comparative
tests utilized, and the effectiveness of the scent dog
screening.

Results: A total of 8,043 references were identified through
our literature search. After removal of duplicates, there
were 7,843 references that were screened. Of these, 100 were
considered for full-text eligibility, 43 were included for
qualitative synthesis, and 29 were utilized for quantitative
analysis. The most relevant peer-reviewed COVID-19 scent
dog references were identified and categorized. Utilizing all
of the scent dog results provided for this review, we found
that 92.3 % of the studies reached sensitivities exceeding 80
and 32.0% of the studies exceeding specificities of 97 %.
However, 84.0 % of the studies reported specificities above
90 %. Highlights demonstrating the effectiveness of the scent
dogs include: (1) samples of breath, saliva, trachea-bronchial
secretions and urine as well as face masks and articles of
clothing can be utilized; (2) trained COVID-19 scent dogs can
detect presymptomatic and asymptomatic patients; (3) scent
dogs can detect new SARS-CoV-2 variants and Long COVID-19;
and (4) scent dogs can differentiate SARS-CoV-2 infections
from infections with other novel respiratory viruses.
Conclusions: The effectiveness of the trained scent dog
method is comparable to or in some cases superior to the
real-time RT-PCR test and the RAG test. Trained scent dogs
can be effectively utilized to provide quick (seconds to mi-
nutes), nonintrusive, and accurate results in public settings
and thus reduce the spread of the COVID-19 virus or other
viruses. Finally, scent dog research as described in this paper
can serve to increase the medical community’s and public’s
knowledge and acceptance of medical scent dogs as major
contributors to global efforts to fight diseases.

Keywords: COVID; pandemic; scent dogs; sniffer dogs

Novel coronavirus disease 2019 (COVID-19) is caused by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The COVID-19 virus initially appeared in
Wuhan, China in December 2019. As of April 26, 2023, over
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764 million people had been sickened, and over 6.9 million
had died after contracting the COVID-19 virus [1]. The
pandemic necessitated concerted worldwide public health
efforts to slow the spread of the highly contagious virus.
Thus, new COVID-19 screening and testing methods,
including the use of trained scent dogs, were developed in a
short period of time [2, 3].

Why utilize medical scent dogs? A dog’s sense of smell is its
most important sense and the one that enables its use for dis-
ease detection [4-6]. A dog senses and differentiates a broad
range of molecules with extremely small concentrations. This
capability can be attributed to several factors: (1) a dog’s nose is
generally proportionately large; (2) it has 1,094 olfactory re-
ceptors compared with a human’s 802; (3) it has 125-300 million
olfactory cells compared to 5-6 million for a human; (4) a dog
has separate sets of inflow nostrils and outflow folds, enabling
efficient odor sampling; and (5) one-third of a dog’s brain is
devoted to interpretation of odors compared with only 5 % for a
human [4-6]. It is interesting to note that it has been reported
that dogs can detect one part per trillion in n-amyl acetate
(nAA), which is about three orders of magnitude better than
possible with scientific instrumentation [7]. For illustration, a
dog could detect the equivalent of one drop of a liquid in 20
Olympic-size swimming pools or 5 x 10" mL [7]. Dogs can detect
odors/volatile organic compounds (VOCs), which are produced
by human tissues that evolve into particular pathologic states
associated with specific diseases. The VOCs may originate from
flaked-off skin or hair cells, blood, breath, saliva, sweat, tears,
nasal mucous, urine, semen, or feces. Dogs likely process and
store this odorous information as patterns or smell ‘images’ in
their brains. They have already proven successful for the
identification of diseases, including malaria, some types of
cancers, diabetes, epilepsy, and Parkinson’s disease [6, 8-10].

Methods

At the time of submission of our earlier review paper [2] in August 2021,
we found only four peer-reviewed COVID-19 scent dog papers: three
clinical research studies and one preprint perspective paper. In March
and April 2023, the first author (TD) conducted new literature searches
of the MEDLINE/PubMed, Google Scholar, and Cochrane Library web-
sites. Again, the keyword phrases utilized for the searches included
“COVID detection dogs,” “COVID scent dogs,” and “COVID sniffer dogs.”
Figure 1 shows the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) literature flow chart. The PRISMA 2020
Checklist was followed to ensure that our comprehensive, systematic
review adhered to evidence-based guidelines for reporting. In partic-
ular, criteria for eliminating papers included: (1) only peer-reviewed
papers were included; (2) no gray literature papers were included; (3) no
secondhand account papers were included; (4) duplicates were elimi-
nated; and (5) papers not directly related to the objectives of the paper
were not included. More than 90 % of the papers included for our review
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were published during the pandemic; a few relevant background papers
and two books written prior to the pandemic were also included. For this
paper, the most relevant peer-reviewed COVID-19 scent dog references
were identified and categorized as follows: 12 review and perspective pa-
pers and reports, 21 papers concerning COVID-19 virus transmission be-
tween dogs and humans, 23 clinical scent dog studies Table 1, 6 field scent
dog studies (Table 2), and 4 papers devoted to new technologies involving
dogs and ENoses (odor sensors), which are electronic devices designed to
detect multiple chemical components by mimicking the human or dog
olfactory system. Six papers concerned COVID-19 tests utilized for in-
tercomparisons with COVID-19 scent dog research results. Excellent
COVID-19 scent dog reviews and perspective papers have been published
since the beginning of the pandemic [6, 11-15]. Finally, it is noted that over
400 scientists from 32 nations have co-authored peer-reviewed papers
directly related to COVID-19 scent dog research during the pandemic.

The variables selected for Tables 1 and 2 were chosen to provide
key information relevant to the various studies to enable comparisons
among them as well as to enable fundamental general statistics to be
computed. These include: number of samples, number of dogs, breed
types, ages of dogs, training history, sample types, comparison tests,
sensitivity, specificity, accuracy, positive predictive value, and negative
predictive value. Not all of this information was available from the
reviewed papers. Sensitivity (%) is defined as the number of true posi-
tive results divided by the sum of the number of true positives and the
number of false positives. Specificity (%) is defined as the number of true
negative results divided by the sum of the numbers of true negatives and
false negatives. Accuracy (%) is defined as the ratio of true results to
the sum of true and false results. Positive predictive value (PPV in %) is
the probability that subjects with a positive screening test in fact have
the disease. Negative predictive value (NPV in %) is the probability that
subjects with a negative screening test truly do not have the disease.
These statistics were reported in the individual papers and not calcu-
lated by the present authors. Note that not all percentages were reported
to the first decimal place in the reviewed papers.

Results

The overarching objective of the present paper is to evaluate
the safety, effectiveness, and practicality of utilizing trained
scent dog screening for disease outbreaks such as COVID-19
based on relevant peer-reviewed papers published during
the pandemic period of December 2019 through April 2023.
The present review and synthesis are directed primarily
toward medical and healthcare professionals and adminis-
trators, who may be interested in the use of medical scent
dogs during future epidemics and pandemics or for other
medical applications. The following subsections concern: (1)
safety considerations; (2) selection and training of dogs; and
(3) results of clinical and field studies.

Safety considerations

The safety of scent dogs, their handlers, and those who are
inspected by the dogs is critical for the acceptance and
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Figure 1: Preferred reporting items for systematic reviews and meta-analyses (PRISMA) literature search flow diagram.

implementation of the scent dog screening and testing
approach. This is consistent with the One Health paradigm,
which defines health as more than the absence of disease
and recognizes the interrelationships among humans, ani-
mals, and environmental welfare. Two key questions are: (1)
Can medical detection dogs contract and become ill with the
COVID-19 virus?; and (2) Can dogs pass on the COVID-19 virus
to humans? These questions have been addressed in several
diverse ways. Some researchers have described a limited
number of primarily singular cases of dogs infected with
COVID-19 [45-58]. However, Sanchez-Montes et al. [59]
sampled 130 dogs and cats in an area of high incidence of the
COVID-19 virus and found no infections in the animals. In
addition, other relevant studies reported similar negative

results [60-63]. Krafft et al. [64] found no strong evidence for
pet-to-human transmission or sustained pet-to-pet trans-
mission of SARS-CoV-2. Finally, Damas et al. [65] utilized a
comparative genomics approach to study the conservation
of the angiotensin I converting enzyme 2 (ACE2). ACE2 is the
main receptor of SARS-CoV-2 and was utilized to investigate
the possible routes of transmission and sensitivity in different
species. They found that dogs were in the low-risk category.
To our knowledge, there have been no deaths of dogs that
can be unequivocally attributed to COVID-19. Importantly,
the studies described above suggest that it is safe for healthy
individual handlers to utilize scent dogs to directly screen
and test individuals who may be infected with the COVID-19
virus.
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Table 1a: Information for 5 clinical studies.
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Study Angeletti et al. [16] Chaber et al. [17] Demirbas et al. [18] Devillier et al. [19] Eskandari et al. [20]
Countries Italy Australia, UAE, France Turkey, Portugal, Germany France Iran
Study location Clinic Clinic Clinic
No. of samples  n=100 n=241 n=200
No. of dogs (n=) 3 7 6
Breeds 1 Black GSD, 1 Border Collie, 5 Malinois, 1 GSD,
1 GSD, 1 Lab, 1 Dutch Shepherd, 2 Labs,

1 Dutch Shep.

Dog ages, yrs 1-4

Pre-trained 2Y,1N
Training period 4 weeks
Sample type Sweat

Comparison test RT-PCR

Sensitivity NR
Specificity NR
Accuracy 92-100
Comments

1 English Cocker Spaniel

1 Groenen-dael

1 Germ. Black,

1 Border Gypsy, 1 Retriever

2-6 NR
1Y,2N 6Y,1N Y
10 weeks 8 weeks 7 weeks
Mask, Breath, Droplets Breath, sweat
RT-PCR RT-PCR RT-PCR
Bayes. Anal.
91.3-100 84.0-88.7
97.2-98.3 83.1-89.0
88 >80 throat
PPV=49.0-86.6 PPV=89.6
NPV=89.8-97.5 NPV=90.3

Throat, Masks, clothes

65 throat, up to 86 masks/clothes
89 throat, 92.9 masks and clothes

GSD, German Shepherd dog; NR, not reported; RT-PCR, reverse-transcription polymerase chain reaction; UAE, United Arab Emirates. Percentages are

shown to the first decimal when reported by the researchers.

Table 1b: Information for five clinical studies.

Study Essler et al. [21] Grandjean et al. [22] Grandjean et al. [23] Grandjean et al. [24] Guest et al. [25]
Countries United States France France United Kingdom
UAE Lebanon
Study location Clinic Clinic Clinic Clinic
No. of samples n=365 n=335 n=218 n=3,921
No. of dogs (n=) 9 7 7 6
Breeds 8 Labs, 5 Malinois, 5 Malinois, 1 Cocker Spaniel,
1 Malinois 1 Dutch Shepherd, 1 Dutch Shepherd, 1 Lab Mix,
1 Groenen-dael 1 Groenen-dael 3 Labs,
1 Golden Retriever
Dog ages, yrs 1.5-6 2-6 2-6 3-8
Pre-trained NR Y Y NR
Training period (n=)  NR 8 weeks 8 weeks 6 weeks
Sample type Urine Sweat (Naso for compar.)  Sweat (Naso for compar.)  Smell, socks, Masks
Comparison test RT-PCR RT-PCR RT-PCR RT-PCR, sensors,
Bayes.
Anal.
Sensitivity 71 97-100 87-94 82-94
Specificity 98 91-94 78-92 76-92
Accuracy 94 NR NR NR
Comments PPV=84 PPV>40
NPV=99 NPV>88

GSD, German Shepherd dog; NPV, negative predictive value; NR, not reported; RT-PCR, reverse-transcription polymerase chain reaction; UAE, United Arab
Emirates. Percentages are shown to the first decimal when reported by the researchers.
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Table 1c: Information for five clinical studies.

Study Hag-Ali et al. [26] Jendrny et al. [27] Jendrny et al. [28] de Maia et al. [29] Maurer et al. [30]
Countries UAE, Germany Germany Brazil United States
Egypt, France United Kingdom
Netherlands
Kenya
Study location Clinic Clinic Clinic Clinic Clinic
No. of samples n=3,290 n=1,012 n=5,242 (93 Subjects) n=100 with flu-like symptom n=584
Followed by n=153
No. of dogs (n=) 4 8 10 2 3
Breeds 1 Malinois, 1 Dutch Shep. Mix, 5 Malinois, NR Labs
2 Malinois-GSD 1 Dutch Shepherd 3 Labs,
Mixes, 3 Labs, 1 GSD,
1 GSD 2 Malinois, 1 Dutch Shepherd
1 Span.
Dog ages, yrs NR 0.6-8 1-9 NR 1-5
Pre-trained Y 6Y,2N 5Y,5N Y N
Training period (n=) 4 weeks 1 week 8 days NR 6 weeks
Sample type Sweat Saliva, Urine (U), sweat (Sw), saliva (Sa) Sweat Sweat
Throat
Comparison RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR
Bayes.
Anal.
Sensitivity 89 82.7 U 98.2, Sw 94.2 95 Dog 1 98,
Sa95.5 100 Dog 2 1 Dog 96
Specificity 99 96.4 U 95.5, Sw 90.9 NR 92
Sa 81.6
Accuracy NR 94 U 95, Sw 91, sa 93 97.4 both dogs NR
Comments Sens. was greater  PPV=84 U PPV=89.9 PPV=100
than RT-PCR’s; NPV=96 U NPV=98.7 NPV=98.2
Spec. was Sw PPV=76.9
comparable Sw NPV=96.6
Sa PPV=80.0
Sa NPV=96.4

GSD, German Shepherd dog; NPV, negative predictive value; NR, not reported; PPV, positive predictive value; RT-PCR, reverse-transcription polymerase

chain reaction; UAE, United Arab Emirates. Percentages are shown to the first decimal when reported by the researchers.

Selection and training of scent dogs

Desirable traits for scent detection dogs include: good
temperament, lack of aggressiveness, obedient, sociable,
independent but able to focus and follow commands,
capability to detect and pinpoint low-level scent signals,
adaptable to different environments, enjoy working with a
handler, high search drive, and endurance and persistence
in doing scent work [2, 13-15]. Less than 5% of the dogs
initially chosen for the studies described in this review were
found to be ill-suited for the projects. As shown in Tables 1
and 2, a variety of breeds have been deployed for detecting
and screening for COVID-19-infected individuals [16-44].
The previously trained dogs had been utilized for a variety of
scent applications such as search and rescue, explosives,
narcotics, and police work.

Medical scent dog training methods bear similarities
with those for agricultural, explosives, and narcotics detec-
tion dogs. The basic principle utilized for scent dog training
can be explained with the simple ‘three cup experiment’
utilizing a pet dog (Figure 2). Three upside-down cups, one
with a treat under it, are placed on a stand unsighted by the
dog. The dog is then allowed to approach the stand. Inevi-
tably, the dog tips over the cup with the treat and enjoys its
treat. The training of medical scent dogs is typically done in
sanitary laboratory rooms, which utilize lines or wheels with
canisters containing items with either targeted odors (VOCs)
or distracting odors, or are empty (Figure 2). Dogs are either
taken into the laboratory room by a handler or released to
find the targets. In the beginning, often a treat is the target
but another target odor is gradually added so that the dog
learns to identify and associate the second target odor. Then,



514 —— Dickey and Junqueira: COVID-19 scent dog research highlights and synthesis

Table 1d: Information for four clinical studies.
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Study Mendel et al. [31] Mutesa et al. [32] Ozgur-Buyukatalay et al. [33] Sarkis et al. [34]
Countries United States Rwanda Turkey Lebanon
Germany France
Canada United States
Study location Clinic Clinic Clinic Clinic
No. of samples n=40 n=5,253 n=1,002 n=41 Sympt.
n=215 Asympt.
No. of dogs (n=) 4 4 2 2
Breeds 1 Malinois 2 Labs 1 Lab, 2 Belgian Malinois
1 Dutch Shepherd 2 Malinois 1 English Cocker
1 Terrier Mix Spaniel
1 Collie Mix
Dog ages, yrs NR 2 3,4 NR
Pre-trained 3Y,1N Y Y N
Training period (n=) 1 month 5 months 21 days 7 months
Sample type Breath Sweat Masks Sweat
Masks
Comparison GC-MS RT-PCR RT-PCR RT-PCR
Sensitivity NR 75.0-89.9 Delta 50.0 D1 TI, 81.8 D1 TF 100 Sympt.
36.6-41.5 Omicr. 42.7D2T1,83.1 D2 TF 100 Asympt.
Specificity NR 96.1-98.4 Delta 58.0 D1 TL, 60.5 D1 TF 99 Sympt.
>95 Omicr. 56.2 D2 T1, 60.5 D2 TF 93 Asympt.
Accuracy 96.2-99.4 NR 53.6 D1T1,67.5D1TF NR
48.8 D1 TI, 69.4 D2 TF
Comments PPV=87.0-97.6 PPV=51.9-59.3 Del PPV=59.1 D1 TI, 50.4 D1 TF

NPV=98.1-98.9 Del
PPV=21.2-41.9 Om
NPV=97.6-99.1 Om

NPV=48.9 D1 TI, 87.2 D1 TF
PPV=54.2 D2 TI, 52.5 D2 TF
NPV=44.7 D2 T1, 88.2 D2 TF

GC-MS, gas chromatograph-mass spectrometer; GSD, German Shepherd dog; NPV, negative predictive value; NR, not reported; PPV, positive predictive
value; RT-PCR, reverse-transcription polymerase chain reaction. Percentages are shown to the first decimal when reported by the researchers. For Ozgur-
Buyukatalay et al. [33], TI s the initial time of test and TF is the final time of test. Results are for Dog 1 (D1) and Dog 2 (D2) of experiments. The Omicron
variant changed between T1 and T2, and virulence decreased between T1 and T2. Retraining was required.

Table 1e: Information for four clinical studies.

Study Ten Hagen et al. [35] Twele et al. [36] Gokool et al. [37] Charles et al. [38]
Countries Germany Germany United States Canada
Study location Clinic Clinic Clinic Clinic
No. of samples n=2,054 n=732 n=293 n=108
No. of dogs (n=) 12 Same [27, 28, 35] 5 2
Breeds 5 Labs, Same [27, 28, 35] 2 GSD, 1 English
4 Malinois, 1 Lab, Springer
2 GSD, 1 small Muster-lander, Spaniel,
1 Cocker 1 Husky-GSD Mix 1 Lab
Spaniel
Dog ages, yrs 1-5 Same [27, 28, 35] 3-7 NR
Pre-trained Y Y Y NR
Training period (n=) 3 days 3 days NR 19 weeks
Sample type Saliva Saliva, sweat, Urine T-shirts Gargle, sweat, Breath/Mask
Comparison RT-PCR RT-PCR GC-MS RT-PCR
Sensitivity 73.8 scen 1 86.7 scen 1 88 ave. 2 dogs, 100
61.2 scen 2 94.4 scen 2 46 ave,,
75.8 scen 3 86.9 scen 3 3 dogs
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Study Ten Hagen et al. [35] Twele et al. [36] Gokool et al. [37] Charles et al. [38]
Specificity 95.1 scen 1 95.8 scen 1 95 ave., 2 dogs, 87.5
90.9 scen 2 96.1 scen 2 87 ave., 3 dogs
90.2 scen 3 88.1scen 3
Accuracy NR NR NR NR
Comments PPV=76.8 scen 1 PPV=82.9 scen 1 PPV=47.1
NPV=97.6 scen 1 NPV=97.3 scen 1 NPV=100

PPV=76.8 scen 2
NPV=94.8 scen 2
PPV=67.0 scen 3
NPV=94.5 scen 3

PPV=87.8 scen 2
NPV=98.0 scen 2
PPV=57.1 scen 3
NPV=97.5 scen 3

GC-MS, gas chromatograph-mass spectrometer; GSD, German Shepherd dog; NPV, negative predictive value; NR, not reported; PPV, positive predictive
value; RT-PCR, reverse-transcription polymerase chain reaction. Percentages are shown to the first decimal when reported by the researchers. For Ten

Hagen et al. [35], Scen 1: Swab samples were taken from individuals infected with viruses other than SARS-CoV-2 as distractors; Scen 2 and Scen 3: cell
culture supernatant from cells infected with SARS-CoV-2, cells infected with other coronaviruses and non-infected cells were presented. For Twele et al. [36],
Scen 1: samples of acute COVID-19 vs. Long COVID were utilized, Scen 2: Long COVID and negative control samples were utilized, Scen 3: acute SARS-CoV-2
positive samples and negative control samples were presented.

Table 2: Information for six field studies.

Study Kantele et al. [39] Mancilla-Tapia et al. [40] Pirroneetal.[41] Ten Hagen etal.[42] Vesga et al. [43] Glaser et al. [44]
Countries Finland Mexico Italy Germany Colombia United States
France Finland United States
Study location Helsinki Health center Public Pharm. 4 concerts Direct sniffing:  K-12
Airport Hospital and Calif. School
Metro System
No. of samples n=303 airport n=138 sweat n=128 saliva n=360 Labr n=2,802 n=848 Hosp n=3,897
n=97 Direct n=550 Metro
No. of dogs (n=) 4 6 5 8 5 Hosp 2
3 Metro
Breeds 3 Labs, 2 GSD, 1 Malin., 2 Labs, 4 Malinois, 2 Labs
1 White Shepherd 3 Malinois, 1 Bord. 3 Malin. 1 Malam.-Husky
1 Unspec. Collie, 1 GSD, Mix,
2 Gold. Retriev., 1 GSD Mix, 1 Pit Bull
1 Mix 1 Shep. Mix
Dog ages, yrs (n=) 4-8 1-2 3-12 2-10 0.5-3 NR
Pre-trained Y 1Y,5N 3Y,2N 6Y,2N N Y
Training NR 12 weeks 4.5 Mon. 1-2 weeks 56 Days 2 Mon.
Sample type Sweat Sweat, saliva Sweat Sweat Saliva Sweat,
Comparison RT-PCR RT-PCR RT-PCR Labr, RAD  RAD, RT-PCR RAD
Direct RT-PCR
Sensitivity 92 Valid., 76, 80 sweat 93 Labr 81.6 95.9 Hosp 83
NR airport 70, 78 Sal. 89 Direct 68.6 Metro
Specificity 91 Valid. 75, 88 sweat 99 Labr 99.9 95.1 Hosp 90
NR airport NR Sal. 95 Direct 94.4 Metro
Accuracy 92 Valid. NR NR 99.7 95.2 Hosp NR
98 airport 93.6 Metro
PPV=87.8 Valid. PPV=61-86 Sw Direct only PPV=70.0 PPV=69.7 H
NPV=94.4 Valid. NPV=62-83 Sw PPV=68-98 NPV=100 NPV=99.5 H
PPV=58-59 Sal NPV=96-100 PPV=28.2M
NPV=69-85 Sal NPV=99.0 M

GSD, German Shepherd dog; NPV, negative predictive value; NR, not reported; PPV, positive predictive value; RAD, reactive airway disease; RT-PCR, reverse-
transcription polymerase chain reaction. Percentages are shown to the first decimal when reported by the researchers. In Pirrone et al. [41], Labr stands for

laboratory.
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Figure 2: Illustrations showing how scent dogs
are trained and how Enoses are being
) developed. (A) Illustration of the three cup
DOg'S sniffing experiment with the first author’s
Brain Great Pyrenees (photo credit Todd Dickey). (B)
) One of the second author’s COVID-19 scent
dogs sniffing a test canister (photo credit
A =\ second author). (C) Flowchart illustrating how
Data volatile organic compounds (VOCs) are sensed
. and processed by dogs and ENoses (flowchart
Analv5|s modified after Karakaya et al. [73] With

permission).

the treat is eventually removed so that the dog indicates on
the new target odor residing in the canister (by standing still,
sitting, lying down, or pawing) and is rewarded with a treat
or play toy (or complementary clicker sound) for the cor-
rect identification. Important aspects are the preparation
of training aid samples, their safe containment, and their
delivery systems [12, 15]. Key points relevant to COVID-19
scent dog training are made by Maughan et al. [12]: (1) dogs
and handlers are necessarily exposed to potentially infec-
tious individuals and samples; (2) background odors can
possibly mask the targeted COVID-19-related odor; (3) the
COVID-19—produced odor can be extremely faint, necessi-
tating a very low limit of odor detection, which fortunately
dogs possess; and (4) personal protection equipment can be
required for the highly infectious COVID-19 virus.

Results of clinical and field studies

Clinical studies [16—38] are summarized in Table 1, and field
studies [39-44] are summarized in Table 2. We found no
apparent biases in any of these studies. Two of the rec-
ommendations of our earlier review paper [2] were that
more studies and samples were needed. Both of these have
been satisfied, as evidenced in Tables 1 and 2 with 29 studies
involving 147 scent dog deployments and the use of over
31,000 samples or direct scenting of humans. The number of
dogs involved in the individual studies ranged from 2 to 15

with a mode of 6 and an average of 6. The number of
different breeds and mixed breeds was 19, with Labrador
Retrievers (Labs) and Belgian Malinois by far the most
commonly utilized (nearly 100 times). These breeds have
been utilized extensively in scent detection work for
several purposes and have made for easy transitions to the
COVID-19 scent work. Other breeds, such as beagles, have
been utilized quite successfully as well. No obvious pref-
erence based on performance by breed has been reported.
The ages of dogs utilized for these studies ranged from 0.5
to 12 years, and both male and female dogs were utilized
with neither factor apparently affecting the results. A total
of 53 dogs were pretrained, and 37 were previously un-
trained. The previously untrained dogs’ performances were
generally comparable or in some cases slightly superior to
those of the pretrained dogs. The previously untrained dogs
have the advantage that they are not as prone to indicating
on scents other than the COVID-19-associated scent. The
training periods for the COVID-19 scent detection studies
varied widely from 3 days to 7 months, with the typical
training periods lasting a few weeks. This broad variation
can be attributed in part to the use of both previously
trained dogs and previously untrained dogs as well as the
experience of the researchers with scent dogs. The types of
samples utilized in these studies included sweat, saliva,
throat, urine, masks (sweat droplets), clothes, socks, and
T-shirts. Sweat (15) and saliva (7) were the most common
sampling modes.
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Comparisons of the scent dog results were done pri-
marily with the real-time reverse-transcription polymerase
chain reaction (RT-PCR) test [3] or the rapid antigen (RAG)
lateral flow test [3]. Both tests are molecular or genetic as-
says. The RT-PCR test utilizes reverse transcription to obtain
DNA, afterwards amplifying the amount by PCR. RT-PCR
then detects SARS-CoV-2. The RAG test detects specific pro-
teins on the surface of the virus. The RT-PCR test can detect
lower COVID-19 viral load levels than the RAG lateral flow
test [3] and has a higher specificity than the RAG test. This is
advantageous in initially identifying infected individuals
and is the main reason that the RT-PCR test is often labeled as
the “Gold Standard Test.” All testing methods, including
scent dog testing, are imperfect. The RT-PCR and RAG tests
are imperfect because of specimen source, collection and
sampling errors, temporal phase of infection, and detectable
viral load. Therefore, intercomparisons between the results
of these tests and those of the scent dog results must be
interpreted with caution and argue for Bayesian analyses,
which can be utilized to account for estimated uncertainties
in referenced tests [19, 25, 26].

The World Health Organization (WHO) and the German
Paul Ehrlich Institute (PEI) have recommended diagnostic
sensitivities and specificities for antigen tests to be more
than 80 % and more than 97 %, respectively [66]. It has been
reported that the RT-PCR test has sensitivities ranging from
32 to 97 % and specificities ranging from 90 to 100 % [67-69].
Based on another report [70], RAG tests have shown sensi-
tivities of 34-90 % and specificities of 58-99 %. Utilizing the
scent dog results provided for this review in Tables 1 and 2,
we found that 92.3% of the studies reached sensitivities
exceeding 80 and 32.0 % of the studies exceeded specificities
of 97 %. However, 84.0 % of the studies reported specificities
above 90 %. We thus suggest that the scent dog method can
yield results at least comparable to those of the RT-PCR and
RAG tests. Some specific findings from the scent dog clinical
studies (see Table 1) are highlighted as follows: (1) samples of
breath, saliva, trachea-bronchial secretions, and urine as
well as face masks and articles of clothing can be effectively
utilized for sampling (Table 1); (2) trained COVID-19 scent
dogs have demonstrated a capability to detect presymp-
tomatic and asymptomatic patients who are less likely to be
screened because they do not suspect that they are infected
[22]; (3) the capability of scent dogs was analyzed with
respect to the vaccination status of the subjects [19]; (4) it was
found that some scent dogs can generalize the odor of
COVID-19 with the same accuracy rate when exposed to new
SARS-CoV-2 variants for which they have not previously
been trained to detect [33]; (5) the scent dogs utilized by Ten
Hagen et al. [35, 42] were able to differentiate SARS-CoV2
infections from infections with other novel coronaviruses,
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influenza viruses, parainfluenza viruses, an adenovirus, a
rhinovirus, a metapneumovirus (human metapneumovirus
[HMPV]), and respiratory syncytial virus (RSV), which are all
etiological agents common to respiratory tract infections [35,
42]; (6) scent dogs identified samples of Long COVID-19
patients with a high sensitivity [36]; and (7) the use of Bayesian
statistical models [19, 25, 26] and gas chromatograph-mass
spectrometers (GC-MSs) [31, 37], can be useful analytical
approaches.

The deployment of scent dogs for the detection of
COVID-19 in the public sector was a recommendation and a
goal of authors early on during the pandemic [2]. Maughan
et al. [12] have illustrated three in-person screening methods
(see their Figure 2) as follows: (1) individuals or samples are
separated from the scent dogs by a barrier or in a separate
room while their samples (e.g., sweat) are sniffed by the
dogs; (2) individuals pass through an area separated from
the scent dogs by a permeable screen or high-efficiency
particulate air filter, possibly utilizing a fan forcing air from
the individuals to the awaiting scent dogs on the opposite
side; and (3) the scent dog team screens by directly sniffing
individuals en masse or in a lineup. The two primary field
sampling modes utilized in the studies described here are: (1)
collection of a sample that is presented immediately to a dog
and quickly sniffed, giving a result within a few minutes; and
(2) direct sniffing of individuals giving a result in seconds.

Peer-reviewed papers dedicated to public sector de-
ployments are summarized in Table 2. The venues for these
studies included: the Helsinki International Airport [39], a
Mexican health center [40], community public pharmacies
in Italy [41], four concerts in Germany [42], a Metro system in
Colombia [43], and a K-12 school in California [44]. A brief
summary of the results of these six field studies follows. The
sample types were sweat or saliva. Comparisons were done
with RT-PCR tests four times and with RAG tests twice. Field
values of sensitivity ranged from 68.6 to 95.9 %, with 3 of the
6 ranging between 92.0 and 95.9 %. Specificities ranged from
75.0 to 99.9 %, with 3 of the 6 ranging between 95.1 and
99.9 %. These results are similar to and in some cases better
than the clinical study results as well as the RT-PCR and RAG
test results.

Interestingly, the speed of in-person screening is
exemplified by the concert studies of Ten Hagen et al. [42],
who were able to do a lineup with 40 samples including
sample collection, lineup loading, and unloading within only
3 min [42]. Other venues have been utilized over the past 3
years as well. Peer-reviewed papers are yet to be published
on COVID-19 scent dog work done at assisted living facilities,
universities, movie sets, and sporting events. Some specific
COVID-19 scent dog screenings done by the second author
are worth mentioning. For example, COVID-19 scent dog
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screening was done at an entertainment event in Georgia in
April 2021. There, approximately 3,500 people were screened,
resulting in positive indications of eight people by the beagle
scent dogs. Additional screening was done at a concert in
Texas and two festivals in Florida. Finally, Maughan et al. [12]
describe a variety of additional potential venues suitable for
field screenings. These include transportation hubs, ships,
farms, worksites, buildings, border crossings, and prisons.

Discussion

The time between RT-PCR sampling and the return of results
can be up to days, whereas the RAG test results are obtained
within about 15min. Again, if scent dogs directly sniff
individuals, results are learned in seconds or a few minutes
if samples are taken and sniffed soon after by the dogs
[39-44] (see Table 2). Crozier et al. [3] have illustrated (see
their Figure 1) that the time from exposure to the COVID-19
virus to the infectious/symptomatic stage occurs within a
few days. This rapid increase in viral load indicates the
importance of early and frequent screening of individuals
with methods that are capable of both early detection of low
viral load and fast return of results. Ideally, individuals who
are asymptomatic, presymptomatic, or pauci-symptomatic
(i.e., subclinical) would test positive along with symptomatic
individuals. Importantly, rapid return of the testing or
screening results (e.g., utilizing the RAG test or scent dogs
rather than the RT-PCR test) is important for isolation or
quarantining of infected individuals to minimize in-
teractions with uninfected individuals. The criticality of the
speed of the return of test results cannot be overemphasized
[3, 26, 71]. Finally, an interesting point suggested by one of
the reviewers of this paper follows. People carry viruses in
different quantities and in different places. Therefore, RAG
and RT-PCR samples from nasal cavity or saliva might not
catch infections in all people. However, scent dogs, which
directly sniff subjects, can locate the viral infection in the
“whole person.” This attribute places into context in-
dividuality and a holistic view embraced by osteopathic
medicine.

Thus, is the RT-PCR, RAG, or scent dog test better for
public health screening and testing? There are good argu-
ments for each one. Interestingly, Hag-Ali [26] challenged the
RT-PCR test as being the “Gold Standard” COVID-19 test with
respect to multiple aspects. They utilized Bayesian statistical
analyses in their scent dog study, which sampled 3,134 nasal
swabs and found that the sensitivity of their scent dog—based
test was superior to the RT-PCR test. In addition, the speci-
ficity of the two testing methods were nearly identical. They
concluded that the scent dog method with its high sensitivity,
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short turnaround time, low cost, lack of invasiveness, and
ease of application “lends itself as a better alternative to the
RT-PCR in screening for COVID-19 in asymptomatic in-
dividuals.” Other studies included in this paper are generally
consistent with this conclusion. Further, the scent dog
approach has much less of an environmental impact than
the other common tests.

Limitations to the peer-reviewed studies were articu-
lated by their authors. For example: (1) proper criteria for
lengths of training periods and switching from training to
testing mode need to be determined [21, 24, 28]; (2) nearby
distracting noises, smells, or naturally occurring weather
conditions can be distracting and limit accuracy [22, 42, 44];
(3) a participant’s disease status can change during the time
(i.e., up to 72h) between the dog test and the reference
RT-PCR or RAG test [17, 30, 33]; (4) a dog’s exposure time to a
sample may be too short [40]; (5) false-positive rates of the
dogs may actually reflect false-negative rates of the RT-PCR
or RAG test [17, 21, 22, 24, 26, 33, 40, 42], in which case dogs
may become discouraged [21]; (6) more dogs are needed for
some experiments, because 8 of the 29 studies in this review
had only two or three dogs [16, 18, 29, 30, 33, 34, 38, 44]; (7)
more positive samples were needed, especially toward the
end of the pandemic, when there were minimal numbers of
positive cases [18-20, 25, 32, 39, 43, 44]; (8) dogs may become
frustrated when too few positive cases are presented, [17, 28];
(9) variability of performance from one dog to another under
the same conditions needs to be understood [27]; and (10)
some, but not all, studies suggested that refresher training
was needed to accurately detect new COVID-19 variants
[32, 33, 39].

In addition to the questions and limitations described
above, others need to be addressed for the routine use of
medical scent dogs for in-person screening [3, 12, 13]. Ex-
amples include: (1) More dogs would need to be rapidly
trained and deployed during future epidemics and pan-
demics [12, 13, 23]. The training and field use of scent dogs
may benefit from the recruitment of dog owners who are
already involved in recreational scent work under the aus-
pices of the American Kennel Club and other organizations
worldwide. (2) Is the use of scent dogs cost-effective? Some of
the research in this review was in fact motivated by the need
for inexpensive testing in developing nations [29, 32, 42, 43].
One study found that the scent dog method was cheaper than
the RAG test [32]. More economic research is needed [13]. (3)
Working scent dogs still have their own basic needs such as
rest, sleep, eating, play, and basic companionship. Like
humans, they can have off-days, which the handler needs to
recognize and properly react to and utilize backup dogs [12].
(4) During deployments, handlers must be aware that some
people may have allergies, be afraid of or uncomfortable
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with dogs, or feel stigmatized by being positively indicated
by a dog [13]. (5) The screening process requires a team effort
between the dog and handler, who must have a close rela-
tionship [12]. (6) Finally, the implementation of wide-scale in-
person programs will require funding and development of
infrastructure that is responsible for certification, protocol
standards, and deployments [3, 12, 13, 23].

Can dogs be utilized in developing new diagnostic
instrumentation and sensors? As a point of reference, one of
the peer-reviewed studies [43] reported that the limit of
detection (LOD) for four of their dogs was lower than
2.6 x 107 copies ssRNA/mL, which is the equivalent of
detecting a drop (0.05mL) of any odorous substance dis-
solved in a volume of water greater than the capacity of 10.5
Olympic swimming pools or 2.6 x 10" mL. This capability
surpasses today’s available instruments by three orders of
magnitude [9]. There is a fundamental need to determine
which VOC is specific to SARS-CoV-2 infection and to assess
its persistence. Only within the past few decades has the
science of smell made major advances in the quest to identify
odors and VOCs. GC-MSs have become major tools to analyze
smells in cancer research [72]. They have also already been
utilized for COVID-19 research [31, 37]. However, GC-MSs are
large, require technical training, and are expensive. As
alternatives to GC-MSs, miniaturized electronic devices
called ENoses are being developed to detect multiple chem-
ical components (odors) by mimicking the human or dog
olfactory system [73]. Briefly, the concept, as illustrated in
Figure 2, is to intake sample VOCs, which are sensed by
miniaturized chemical sensor arrays (analogous to a dog’s
nose), and then processed/analyzed (via pattern recognition/
analysis as by a dog’s brain) utilizing methods such as arti-
ficial neural networks (ANNs) to determine the presence or
absence of a specific chemical or virus such as the COVID-19
virus [74]. Dogs can be utilized to train the ENose. A long-
term goal is to develop wearable medical sensors for
detecting diseases (i.e., based on ENoses) as well as funda-
mental physiological indicators such as heart rate, blood
pressure, oxygen, and others [75].

Conclusions

Our literature search shows a remarkable, nearly ten-fold
increase in COVID-19 scent dog research over the past 2
years. Based on our extensive review, which includes results
of 29 COVID-10 scent dog experiments, we came to the
following conclusions. It is safe for healthy individual han-
dlers to utilize scent dogs to directly screen and test in-
dividuals who may be infected with the COVID-19 virus. The
effectiveness of the trained scent dog method is comparable
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to or in some cases superior to the real-time RT-PCR test and
the antigen (RAG) test. Trained scent dogs can be effectively
utilized to provide quick (seconds to minutes), nonintrusive,
and accurate results in public settings and thus reduce the
spread of the COVID-19 virus or other viruses. Finally, scent
dog research as described in this paper can serve to increase
the medical community’s and public’s knowledge and
acceptance of medical scent dogs as major contributors to
global efforts to fight diseases.
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