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ABSTRACT

Introduction Previous research demonstrated that
medical scent detection dogs have the ability to distinguish
SARS-CoV-2 positive from negative samples with high
diagnostic accuracy. To deploy these dogs as a reliable
screening method, it is mandatory to examine if canines
maintain their high diagnostic accuracy in real-life
screening settings. We conducted a study to evaluate the
performance of medical scent detection dogs under real-
life circumstances.

Methods Eight dogs were trained to detect SARS-CoV-2
RT-gPCR-positive samples. Four concerts with a total

of 2802 participants were held to evaluate canines’
performance in screening individuals for SARS-CoV-2
infection. Sweat samples were taken from all participants
and presented in a line-up setting. In addition, every
participant had been tested with a SARS-CoV-2 specific
rapid antigen test and a RT-qPCR and they provided
information regarding age, sex, vaccination status and
medical disease history. The participants’ infection

status was unknown at the time of canine testing. Safety
measures such as mask wearing and distance keeping
were ensured.

Results The SARS-CoV-2 detection dogs achieved a
diagnostic specificity of 99.93% (95% Cl 99.74% to
99.99%) and a sensitivity of 81.58% (95% Cl 66.58%

10 90.78%), respectively. The overall rate of concordant
results was 99.68%. The majority of the study population
was vaccinated with varying vaccines and vaccination
schemes, while several participants had chronic diseases
and were under chronic medication. This did not influence
dogs’ decisions.

Conclusion Our results demonstrate that SARS-CoV-2
scent detection dogs achieved high diagnostic accuracy
in a real-life scenario. The vaccination status, previous
SARS-CoV-2 infection, chronic disease and medication of
the participants did not influence the performance of the
dogs in detecting the acute infection. This indicates that
dogs provide a fast and reliable screening option for public
events in which high-throughput screening is required.

,'2 Andreas Nitsche,'? Christiane Ernst,’® Michael Engels,
1,15

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Trained scent detection dogs are able to discrimi-
nate samples from SARS-CoV-2 infected individuals
to samples from SARS-CoV-2 negative individuals
using different body fluids as well as to samples
from other viral infections.

WHAT THIS STUDY ADDS

= SARS-CoV-2 scent detection dogs achieved high
diagnostic accuracies in a real-life scenario and
demonstrated their feasibility as a diagnostic tool for
screening at public events.

= The dogs’ performance was not affected by the
participants’ vaccination status, disease and med-
ication history, and previous SARS-CoV-2 infection.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Medical scent detection dogs can become an afford-
able rapid diagnostic tool in addition to the use of
point of care-antigen and PCR-based tests.

= At public events where high-throughput screening is
required, SARS-CoV-2 detection dogs can provide a
rapid and reliable screening option.

INTRODUCTION

The use of rapid point of care antigen-tests
(PoC-antigen tests) for the diagnosis of a SARS-
CoV-2 infection continues to be a key tool to
manage the ongoing COVID-19 pandemic.
Several studies have shown the ability of medical
scent detection dogs to identify samples from
SARS-CoV-2 infected individuals with high accu-
racy, highlighting the role such dogs could play
in the management of a pandemic.'™ Previous
research showed that different body fluids, such
as saliva, sweat and urine and other sample types
like worn face masks are suitable for detection,
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which suggests that there is a general SARS-CoV-2 infection
associated odour that dogs can be trained on."*"® In addi-
tion, our group demonstrated that such dogs were able to
differentiate SARS-CoV-2 infection from other acute viral
respiratory tract infections.'”” However, most of the current
data were generated in laboratory settings, rather than in a
real-world scenario or lacked the verification of SARS-CoV-2
infections by a PoC-antigen test and real-time quantitative
reverse transcription-PCR (RIT:qPCR). In some countries,
SARS-CoV-2 detection dogs were already deployed in pilot
projects in public transports, such as airports or under-
ground transportation.” ' In a first realife trial in an airport
setting with samples from 303 passengers, dogs identifi-
cation and RT-PCR results matched for 97.7% of samples
from passengers.'® Although this study clearly indicated that
medical scent detection dogs can maintain their diagnostic
accuracy under real-life conditions, the study cohort was too
small for farreaching conclusions. Furthermore, additional
field settings should improve the general feasibility of the use
of medical detection dogs to demonstrate its diagnostic use
in different populations.

The WHO and the Paul Ehrlich Institute (PEI) recom-
mend thresholds for diagnostic specificities and sensitiv-
ities for PoC-antigen tests of more than 97% and more
than 80%, respectively.'” To meet the requirements of
a valuable diagnostic tool, medical scent detection dogs
should also meet these diagnostic performance charac-
teristics, even under real-life circumstances when many
distractions could influence their performance.

METHODS

Study design

In September and October 2021, four public concerts
were organised to evaluate the diagnostic performance
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of SARS-CoV-2 detection dogs. In total, 2802 partici-
pants took part in the study and were screened for SARS-
CoV-2 infections by trained detection dogs. The number
of participants per concert increased during the study
period from 466 individuals at the first concert to 1018
participants at the last concert. The second concert
yielded 640 participant and the third concert 678 partic-
ipants. The interval between two concerts was 5—-8 days.
For inclusion, individuals had to book free, person-
alised tickets and had to be at least 18 years old. It was
further ensured that individuals who provided samples
for the preceding canine training phase were excluded
from the study population. At the day of study, all partic-
ipants visited the same certified COVID-19 test centre
(figure 1). At the test centre, they had to provide a naso-
pharyngeal or oropharyngeal swab sample for a directly
performed SARS-CoV-2 PoC-antigen test and an oropha-
ryngeal swab sample for a RT-qPCR test. The oropharyn-
geal swabs (FLOQswab Minitip, 80501CS, Coban Ref.
501CS01, Mast Diagnostica) were collected in micro
screw tubes with 500 pL of viral transport medium incl.
Dulbecco’s Modfied Eagle’s Medium (high glucose,
Gibco, 41965062, ThermoFisher) supplemented with
1% L-Glutamin (GlutaMAX, Gibco, 11574466, Ther-
moFisher) and antibiotics (1% penicillin/streptomycin,
P433, Sigma). For PoC-antigen testing the AT079/20
COVID-19 Antigen Rapid Test, Hangzhou Clongene
Biotech recommended by PEI, Langen, Germany was
used.”” A positive PoC-antigen test was an exclusion
criterion for entry into the concert area to minimise
the infection risk. In addition, two sweat samples were
collected from every participant by wiping both crooks
of the arm at the test centre and transported to the
venue, so that in case of exclusion of a participant the
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Figure 1 Schematic representation for test procedure (created with BioRender.com). PoC, point of care.
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respective sample could be preserved and screened by
the dogs.

The extraction and detection of SARS-CoV-2 RNA from
oropharyngeal swab samples of concert participants and
samples used for training and presentation to the dogs
at the concert was conducted as described previously,”
using RT-qPCR SARS-CoV-2-IP4 assay from Institute
Pasteur targeting the SARS-CoV-2 RNA dependent RNA
polymerase (RARp) gene (recommended by the WHO,*
including an internal control system®). Analysis of the
samples from the concert participants was performed
a few days after the respective concert at the Research
Centre for Emerging Infections and Zoonoses, Univer-
sity of Veterinary Medicine Hannover. At the test centre,
written informed consent from all participants was
obtained and all participants partook in a short survey.
Here, information regarding sex, age, previous SARS-
CoV-2 infection, presence of post-COVID-19 condition,
SARS-CoV-2 vaccination status, time of vaccination, type
of vaccine and medical disease history including chronic
medication were obtained from all participants. Details
can be found in online supplemental tables 1-4.

At the venue entrance after check-in, all participants
were screened by SARS-CoV-2 detection dogs using
two line-ups simultaneously (figure 1). Every line-up
contained 20 mountings for sample containers. There-
fore, 40 participants could be screened at once. Dispos-
able paper cups were used as sample containers. The
cups and contained samples were removed after each run
and handled by the same two persons, wearing dispos-
able gloves to prevent odour contamination. The sample
containers were attached to fence elements, which served
for sample presentation and as partition walls to separate
the participants from the workspace of the dogs. Every
participant received a cotton pad and generated a sweat
sample once by wiping both arm crooks. The participants
placed the sweat samples into the sample containers
through an aperture in the line-up. As soon as 20 samples
were placed into the line-up, the aperture was closed.
Subsequently, dog handler and SARS CoV-2 detection
dogs were brought to the search area and the detection
dog screened all samples. Only if samples were not indi-
cated as positive by the dog, the respective participants
were allowed to enter the concert hall. If one dog indi-
cated any of the samples, the whole line-up was double-
checked by another dog. If the second dog consented
and indicated the same sample, the respective partic-
ipant was excluded from the concert. Each participant
went through the entire screening process once. Status
of PoC-antigen and RI-qPCR-tests of participants and
samples were unknown to the investigators, dog handlers
and the dog at the time of canine SARS-CoV-2 detection.

Dog decisions for every sample were evaluated with two
possible options:

1. Canine test positive: two dogs indicated the respective
sample as positive.

2. Canine test negative: the first dog did not indicate the
sample and therefore it was not double checked by

another dog OR the first dog indicated the sample as

positive, but the second dog contradicted and did not

indicate the sample OR the first dog did not indicate
the sample and the second dog consented.

If a participant would have been indicated as positive
by the canine test, the individual needed to provide
a sample for a fast-PCR at a certified COVID-19 labo-
ratory and had to leave the study area. The fast-PCR
was proceeded with VitaPCR SARS-CoV-2 assay using a
VitaPCR instrument. If these participants were tested
negative via initial RT-qPCR, a second RT-qPCR-test was
performed 3days later. Latter RT-qPCR was conducted
by the local health and regulatory authorities. Further-
more, to evaluate the presence of SARS-CoV-2 and other
respiratory pathogens, samples from participants with a
positivse canine test were sent to the Robert Koch Insti-
tute (RKI, German Federal Ministry of Health, Berlin,
Germany). At the RKI, nucleic acids were extracted using
the QIAamp Viral RNA Mini Kit at. To confirm absence
of SARS-CoV-2, those samples were analysed by RT-PCR
using the RKI/ZBS1 SARS-CoV-2 protocol targeting two
different genomic regions (E-Gene and orflab).** Subse-
quently, qualitative multiplex PCR RespiFinder 2SMART
(PathoFinder) was used to determine presence of the
following respiratory pathogens: influenza A and B,
influenza HIN1pdm09, respiratory syncytial virus A and
B, parainfluenza 1-4, human coronavirus OC43 (HCoV-
0C43), HCoV-229E, HCoV-HKU1/NL63, rhinovirus/
enterovirus, adenovirus, human metapneumovirus, boca-
virus type 1, Mycoplasma pnewmonia, Chlamydophila pneu-
moniae, Legionella pneumophilia, Bordetella pertussis.

Dogs

In total, eight dogs (three females and five males) were
included in the current study. All dogs completed obedi-
ence training before the study, and some had a history
of protection or scent detection work. Included dog
breeds were Labrador Retriever (n=2), Malinois (n=3),
German Shepherd (n=1), German Shepherd Mix (n=1)
and Shepherd Mix (n=1). Ages ranged between 2 and 10
years (online supplemental table 5).

Training procedure

The dogs had participated in our previous studies
and were therefore already trained for detection of SARS-
CoV-2 RT-qPCR positive samples using the Detection
Dog Training System (DDTS, Kynoscience UG, Horstel).
Exact training methods and operation of the DDTS are
described in detail in the corresponding literature.® '* 7
After 3days of DDTS-training, the training period was
supplemented with a line-up training setting (1-2weeks)
in order to get dogs used to real-life screening condi-
tions. To mark a sample as SARS-CoV-2-positive, the dogs
showed different indication behaviour. The specific indi-
cation behaviour, like freezing or sitting, depended on
the respective dog. Dogs were rewarded with food or
a toy for indicating positive samples. To avoid trainer
bias, the dog handler was blinded regarding presence
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and position of positive samples during training. After
sniffing a negative sample, the dogs should not indicate it
but must continue the examination. To decrease the like-
lihood of false positive indications due to frustration in
case of low prevalence, the dogs were not only rewarded
for finding a positive sample but also for not indicating
negative samples in an ‘empty run’ (ie, no positive sample
in the line-up). Rewards used for empty runs had lower
values for the dog compared with rewards for indicating
positive samples to maintain high search motivation (ie,
praise instead of toy/food). During the training period,
the number of empty runs gradually increased.

Training samples

For training, samples from SARS-CoV-2 infected patients
were presented next to samples from healthy, non-
infected individuals. Those training samples originated
from and were collected during our former studies and
were taken from hospitalised and non-hospitalised SARS-
CoV-2 infected individuals as well as from SARS-CoV-2
RT-PCR negative healthy controls. Overall, samples from
152 individuals were used during training, 48 from SARS-
CoV-2 RT-PCR positive individuals and 104 from SARS-
CoV-2 negative individuals. To ensure that the location
of sample collection did not bias the dogs, positive and
negative samples from the test centre were also collected
and used for test runs, which were carried out in the
2weeks before the first concert and during the study.
Since former studies showed dogs ability to detect SARS-
CoV=2 infections using different body fluids,'* we used
sweat, urine and saliva samples from infected and non-
infected individuals. Samples from patients with a variety
of symptom severity from asymptomatic non-hospitalised
to severely diseased and hospitalised were included. Based
on former results showing that beta-propiolactone (BPL)
inactivation does not interfere with scent dog detection
and for easier and safer handling of samples, most positive
and negative samples were BPL inactivated as formerly
described.®'* As sweat samples from infected patients are
not considered to pose a relevant infection risk,”® also
non-inactivated sweat samples from SARS-CoV-2 positive
and negative individuals were presented. These samples
were collected during the training period at the cooper-
ating test centre and used directly in training. In total,
63 non-inactivated and 89 BPL-inactivated samples were
used during training. Sample collection and preparation
was conducted as described in our previous study.'* The
SARS-CoV-2 status of each collected sample was deter-
mined as described earlier in the ‘Study design’ section.

Positive samples included in the study

To guarantee the appearance of positive samples despite
a low incidence in Germany during the study period
(6075 new infections per 100 000 inhabitants in 7 days*’),
samples collected previously from infected patients were
presented in the line-up next to samples from participants
collected at the venue. With this, an ‘artificial prevalence’
was created. Positive BPL inactivated sweat, saliva and

urine samples and non-inactivated sweat samples from
asymptomatic to severely diseased patients were used in
the study. All samples and patients were unknown to the
dogs. The position of positive samples in the line-ups was
randomised and dogs, dog handlers and personnel in
the dog area were blinded regarding presence and posi-
tion of positive samples. Sample details can be found in
online supplemental table 6.

Statistical analysis

The diagnostic sensitivity as well as the diagnostic spec-
ificity were calculated stratified by concert and aggre-
gated over the entire study population. 95% CIs for
sensitivity and specificity were calculated with the hybrid
Wilson-Brown method.*® Positive predictive value (PPV)
and negative predictive value (NPV) were calculated
according to Dohoo, Martin and Stryhn, 2009, assuming
a population prevalence of 0.2% as a typical outcome
in Germany.” The data of the audience were evaluated
descriptively by determining the measures of location
scales and the dispersion measures. Test accuracy of the
canine test was additionally calculated in a logistic regres-
sion model analogous to Coughlin et al® Using the
PCR as golden standard, sensitivity and specificity were
determined depending on the concert. All calculations
were performed using SAS statistical program (V.9.4 TS
level 1Mb, SAS Institute) and Prism V.9 software from
GraphPad (La Jolla, California, USA).

RESULTS

The study population consisted of a total of 2802 partic-
ipants over four concerts. Addition of 38 samples from
SARS-CoV-2 RT-qPCR positive individuals to this popula-
tion led to an overall study prevalence of 1.34%. In total,
1616 females (58%) and 1058 males (38%) partook in
the study (online supplemental table 1). One-hundred
and twenty eight participants did not provide informa-
tion on gender. The age of the study population ranged
from 18 to 82 years. The median age ranged from 48
years (concert 1) to 28 years (concert 4) (online supple-
mental table 2). Eighty-seven per cent of all participants
were fully vaccinated (ie, 2weeks after second vaccination
with Comirnaty, Spikevax or Vaxzevria or after first vacci-
nation with Jcovden) and 5% were unvaccinated. Sixteen
per cent of all subjects stated that they had a chronic
illness and 15% of all participants were, according to
their own statements, under chronic medication. A total
of 75 different diseases and 157 drugs or drug classes
were mentioned. The prevailing chronic diseases were
hypertension (7%), hypothyroidism or Hashimoto’s
disease (4%), asthma (2%), diabetes mellitus (1%) and
rheumatic disorders (1%) (online supplemental table
3). The drugs that were listed most frequently were Il-thy-
roxine (4%), ramipril (2%), candesartan (2%), insuline,
amlodipine and formoterole (1% each) (online supple-
mental table 4). Three per cent of the study population
had a previous SARS-CoV-2 infection and further 3%
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RT-qPCR negative samples with high diagnostic accuracy
regardless of training method or sample type.'™® *! %
However, most studies were conducted under laboratory
conditions with a small number of samples and high arti-
ficial prevalences. To use medical scent detection dogs
as a reliable diagnostic test, it is important to ensure that
they maintain their high diagnostic accuracies in real-life
scenarios while screening larger cohorts.

In this study, only two false positive canine tests were
recorded, which led to a particularly high specificity
of 99.93%. Dogs achieved a sensitivity of 81.58%. The
overall diagnostic rate of concordance was 99.68%. These
results are in accordance with findings from previous
studies under laboratory conditions.® '* The sensitivity
and specificity achieved do not only meet the criteria for
diagnostic tests recommended by the WHO and the PEI,
but are clearly beyond the levels recommended, which
opens its use even in low-level prevalence situations. At
a low prevalence of 0.2%, the canine test would achieve
a PPV of 70.02% and an NPV of 99.96%. In contrast, a
PoC-antigen test that just meets the recommendations of
WHO and PEI would only achieve a PPV of 5.07% and
a NPV of 99.96%. This would result in 94.93% of posi-
tive test results being false positive, whereas the canine
test would only produce 29.98% false positive results.
This clearly shows that the canine test is well above the
recommendations and therefore should be considered
as a reliable screening tool. Our results demonstrate that
medical scent detection dogs can not only detect SARS-
CoV-2 infections under laboratory conditions, but also
in a real-life setting. Therefore, this may be considered
as a reliable diagnostic test system, especially for mass
screening events.

Due to the large number of study participants in these
events, individuals with various chronic conditions and
chronic medications partook in the study. This did not
lead to a single false positive canine test, indicating that
the dogs were not influenced by chronic conditions or
medications, but were trained solely on the odour of
SARS-CoV-2 infection. In addition, a large proportion of
the participants were vaccinated, with different COVID-19
vaccines products (Comirnaty, Jcovden, Vaxzevria,
Spikevax or other) and vaccination schedules. The
interval from vaccination to study participation varied
from as little as 1 day to more than 8 months. Also, when
vaccination was performed a few days before the study
or if a high antibody titre can be assumed due to recent
vaccination,” no false positive results were obtained
by the dogs. Also, prior infection with SARS-CoV-2 or
diagnosis of post-COVID-19 condition did not result in
positive canine test, which further confirms that anti-
bodies against SARS-CoV-2 have not influenced canine
decisions. It further confirms former studies in which it
was shown that dogs did not score samples from patients
with post-COVID-19 condition positive when they were
presented next to ongoing actively infected individuals.*
Concerts targeting different audiences were selected in
order to cover a wide range of participant ages. The age

structure of the respective concert did not influence the
dog’s performance.

This study used multiple test systems in comparison with
canine testing. Each participant was not only screened
by SARS-CoV-2 detection dogs, but RT-qPCR- and PoC-
antigen testing were also performed. The main advantage
of using medical scent detection dogs over that of PoC-
antigen and PCR-based tests is time efficiency, apart from
being more environmentally friendly and sustainable.
One dog needed 40-60s to sniff 40 samples in a line-up.
The performance of 1 line-up with 40 samples including
sample collection, line-up loading and unloading took
approximately 3min. The most time-consuming aspects
during entrance were not the examination by scent detec-
tion dogs but was the check-in procedure. In comparison,
performing a PoC-antigen test involves a waiting period
of approximately 15min depending on the test manufac-
turer in addition to sample collection, and even a fast
PCR-test usually takes at least 30 min,** ** which support
the feasibility of the method in real-life settings.

As both the number of participants and the number of
dogs increased in the course of the study, 2hours were
allocated for check-in at each concert, during which
all participants were examined by the dogs. One dog
performed only one line-up at a time with a maximum
of 40 samples, which took approximately 1 min. Subse-
quently, the dog had a short break (approximately 5 to
15min) during which other dogs searched at the line-
up. Consequently, our dogs worked effectively, and their
performance did not deteriorate over time. In total, one
dog examined up to 312 participants during a single
evening. However, it can be assumed that one dog could
check significantly more individuals per day if there were
multiple assignments with longer intervals in between
distributed throughout the day. Similarly, Guest et al
stated that two dogs could screen 300 people in 30min,
which is in accordance with our findings and demon-
strates the time-efficiency of scent detection dogs."

Our results do not only show that medical scent detection
dogs maintain their capability to detect SARS-CoV-2 infec-
tions in reaHife scenarios but that they also achieve excel-
lent diagnostic accuracy. In contrast, many PoC-antigen tests
when performed in test stations and in private households do
not always meet these criteria.”® In a previous study, the rapid
antigen test used in our study achieved an overall sensitivity
of 50% (Cq values 17 to 36)." The sensitivity was 94.4% for
Cq values less than 25, but only 34.8% for Cq values between
25 and 80 and 0.0% for Cq values above 30.* Compared with
this, 1dogs sensitivities seem to be independent of the viral
load.

CONCLUSION

This study demonstrated that SARS-CoV-2 detection dogs
can achieve high diagnostic sensitivity and specificity in large-
scale screening for SARS-CoV-2 infections at public events
such as concerts. Low prevalence, vaccination status, medical
history and previous SARS-CoV-2 infections of participants
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did not influence dogs’ olfactory accuracy in discriminating
samples from SARS-CoV-2 positive and negative individuals.
Our results indicate that SARS-CoV-2 detection dogs provide
afast and reliable screening option for public events in which
high-throughput screening is required. These results provide
further evidence that the use of medical scent detection dogs
can become an affordable rapid diagnostic tool in addition
to the use of PoC-antigen and PCR-based tests. Especially in
areas or countries, which lack test infrastructure or limited
financial means, medical scent detection dogs provide an
additional opportunity to control the ongoing COVID-19
and possibly future pandemics.
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