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The aim of the present study is to apply the canine olfactory sensitivity to detect

COVID-19-positive axillary sweat samples as a One Health approach in Latin America.

One hundred volunteers with COVID-like symptoms were invited to participate, and both

axillary sweat samples for dog detection and nasopharynx/oropharynx swabs for qPCR

were collected. Two dogs, previously trained, detected 97.4% of the samples positive

for COVID-19, including a false-negative qPCR-test, and the positive predictive value

was 100% and the negative predictive value was 98.2%. Therefore, we can conclude

that canine olfactory sensitivity can detect a person infected with COVID-19 through

axillary sweat successfully and could be used as an alternative to screen them without

invasive testing.
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INTRODUCTION

Recent events during the SARS-CoV2 Pandemic development, initiated in the Wuhan Province in
China in November 2019 (1), have brought enormous challenges to a population adapted to the
globalized aspects of daily life, contributing largely to the continuity of the disease development,
and augmenting the Public Health impact (2, 3). Letting go of these connections has been difficult.
On the other hand, the reach of current technologies combined with mutual scientific collaboration
worldwide has brought faster and more efficient responses to health problems when associated
with a stronger and broader view of One Health, especially considering the involvement of
animals at different levels of the epidemiologic chain of the disease (4). Among the problems
envisioned, we observed the need to lower the costs of diagnostic tests, since the actual diagnostic
performance depends on testing during different stages of the disease directly, depending on viral
load, or indirectly at later stages, depending on antibody production. The reduction of testing also
minimizes environmental impacts due to the large use of disposable materials, mainly plastic.
Moreover, these tests bring a large margin of error due to the false-negative results given the
failure to detect viral load or antibody production and thereby, adding the burden of asymptomatic
patients being left untested (5), propagating the infection freely and risking further human, animal,
and environmental dissemination. Another major obstacle is the cost of testing a large number of
people (6) especially for those in developing countries. Above all remains the logistics of reopening
and returning from quarantines that will resume physical contact, and the invasiveness of current
tests that depend on tracheal or blood collections.
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FIGURE 1 | Schematic representation depicting sample collection.

Using canine smell to locate buried people, drugs, and
ammunition in different environments is a well-known,
recognized, and applied activity (7, 8). The reason for this is
confidence in the canine response to the most diverse volatile
compounds emitted. Evaluating the problem in a broader One
Health approach like using dogs to detect chronic degenerative
and proliferative diseases by identifying Volatile Organic
Compounds (VOCs) produced in the metabolism in the body of
a patient during the disease has been a practice used for many
diseases, such as several types of cancer, Parkinson’s disease, and
viral diseases, including coronavirus disease-2019 (COVID-19)
(9–16). The olfactory detection capacity of the dog allies the
large nasal cavity with an expressive olfactory epithelium surface
area containing 30% more olfactory receptors than those in
humans (17). Additionally, during the active sniffing process,
characterized by short and sharp inhalations, the air inhaled
into the nostrils is directed to the dorsal nasal cavity, flowing
back to the ethmoturbinates. This process allows a longer
exposure time of VOCs to the olfactory chemoreceptors, with a
continuous stimulation of the olfactory centers throughout the
respiratory cycle (18). Taken together, the advantages to humans,
the environment, and animals in this context, the present project
has as its main objective the application of a new approach
for early detection of COVID-19 in humans through canine
olfactory sensitivity to counteract the many challenges imposed
by this disease.

MATERIALS AND METHODS

One hundred volunteers were selected to participate in the
research. During a visit to patients with flu syndrome symptoms

by the team of health agents from the Municipality of Paudalho,
the northern region of Recife, Brazil, they were invited to
participate in the research and signed the Free and Informed
Consent Form. They were instructed to remain without bathing
or using perfumes for the next 24 h, and sample collection was
carried out the next day. Two types of samples were collected,
one for the olfactory test of the dogs and another for confirming
the patient diagnosis which was also used as a counterproof of
the result achieved by the dogs. A questionnaire of clinical and
epidemiological interest was also applied. The sample collection
for dog training was performed by asking the volunteer to place a
cotton ball under each armpit for 20min (Figure 1). The cotton
pads were collected and placed separately in hermetically sealed
glass jars and labeled to precisely identify the origin of the sample.
Sample collections for viral detection by RT-PCRwere performed
using a combination of two rayon swabs from the nasopharynx
and oropharynx, stored in a 0.85% saline buffer per volunteer.
The samples were collected by professionally trained health
professionals at the Paudalho Municipal Laboratory following
all Biosafety rules. After collection, the material was packed and
stored in a cooled thermal box to avoid contamination of the
samples during transportation. They were delivered for analysis
within 2 h of collection.

The cotton balls samples were stored separately, one was used
for the detection of odors by dogs, and the other was stored for
further analysis. The samples were used 1 week after collection, to
allow greater safety regarding infection of the trainer and the dogs
to be trained. Dog training was performed at K9 International
company which was largely experienced in dog training. Two
healthy dogs, a male, and a female were used in this initial
phase of the study. The dogs have been trained beforehand using
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FIGURE 2 | The experiment of olfactory detection by dogs. (A) Testing line of

samples. (B) Male dog, Sinatra, indicating the positive sample by sitting in

front of the sample.

operant conditioning (reward-based training) on an 8-station
scent line. The tests were double-blind and performed in an
isolated room without external stimuli. During the tests, only
the dog and trainer were present in the room. Two metallic bars
with four holders each were used to hold the samples, keeping a
50 cm space between each holder (Figure 2A). The sample was
placed in the container by the experimenter, where one known
PCR-positive sample was placed in a random holder and the
other seven holders were kept with clean cotton balls as negative
samples. After training was established, PCR-negative samples
were used instead of clean cotton balls as negative samples
to avoid confusing the dogs with smells of PCR false-negative
samples. Sequentially, the trainer stimulated the dog to sniff
every pot in the row, and when the dog sat in front of a sample
(Figure 2B), the experimenter, a person from outside the room
and following the test, indicated whether the dog was correct, and
the trainer would praise and award the dog. Neither the trainer
or the dogs knew which were the positive samples nor where they
were being placed, therefore assuring the double-blind test. The
sessions were video recorded. Five positive samples were used (1
in each daily test session) and each dog made about five daily
attempts (walking along the line of supports and smelling the
samples). The positive samples were placed at different spots in
the line and the trials were independent of each other to assure
randomized locations. The sensitivity for dogs to detect COVID-
19 was calculated as the proportion of the number of correct
indications of positive samples by the dogs, considering their
joint and individual performance.

RESULTS

The results obtained showed that among the population sample
(n = 100), 63% of volunteers were female and 37% male. In the
analysis of the samples using the RT-PCR technique, 44% of the
individuals tested positive for COVID-19. The mean age was 36.0
± 2.1 among the positives, while for the negative ones, values
of 40.2 ± 2.3 were obtained. Regarding the average body mass,
73.8± 2.4 kg was observed among the positives and 74.6± 1.8 kg
among the negatives for COVID-19.

Concerning pre-existing diseases or comorbidities, only 30%
of individuals who tested positive for COVID-19 reported any
changes. However, among these, hypertension was reported in
approximately 85% of cases in isolation (61.5%), associated with
asthma (7.7%), or diabetes (15.4%). When asked about the main
associated symptoms, headaches, loss of smell, fever, dry cough,
and body aches were reported.

Considering individuals that tested positive for COVID-
19, 63 (6%) were women and 36 (4%) were men. When
comparing casuistry related to ethnicity, it was found that among
the positive cases, the proportion between whites, blacks, and
browns was 18.2, 38.6, and 43.2%, respectively. Regarding the
experiments carried out with dogs, they correctly indicated 97.4%
of the samples were positive for COVID-19. As for individual
performance, the male animal showed 100% sensitivity while
the female showed 95% sensitivity for the tests performed.
Interestingly, they also consistently indicated one of the PCR-
negative samples as positive, therefore, we decided to contact
the patient and performed a new serological test, that took
place 45 days after the first collection, where antibodies against
SARS-COV2 were observed, confirming a false-negative result in
the PCR, which was correctly identified by the dogs. Our tests
showed that the dogs could predict the subject truly having the
disease since the positive predictive value (PPV) was 100%, and
reversely, the negative predictive value (NPV) when considering
the probability of the subject not having the disease was 98.2%
in accuracy.

DISCUSSION

Considering that current testing methods to screen SARS-COV2
in the population are costly, invasive, and time-consuming, in
addition to the need to return to activities after quarantine and
due to the expected endemicity of the disease in the human
population, it has been crucial to find fast and safe screening
methods which preferably, would not require individual sample
collection and will allow the screening of a large number of
individuals. In the perspective of One Health, considering the
acquired knowledge among human, animal, and environmental
scientists brought together, using dogs to detect the odor of
COVID-19-positive patients has been shown to work favorably
in at least four countries, such as France, Lebanon, Colombia,
and Germany (14–16). One Health means that a balance is
required to maintain life on Earth. With that in mind, we
further explore the advantages of developing and applying
this approach to detect COVID-19 using dogs. It impacts
positively on the reduction of plastic and use of disposable
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materials, minimizes the environmental spread of the virus from
undetected patients, reduces the invasiveness of current tests, and
promotes early detection of infection. Moreover, since animals
are still understudies for correctly identifying their role in the
epidemiologic chain, dogs may become a sentinel and valid
option for surveillance in other animals. The present study
showed that trained dogs can detect COVID-19-positive patients
based on the odor they release. They were also able to detect a
PCR false-negative patient, as proved by serological testing of that
same patient 45 days later. Our study reached 97.4% of success
when considering both dogs. Similarly, other studies showed
between 81 and 100% correct answers (14–16).

Regarding the type of sample, two studies (15, 16) used saliva
or tracheobronchial secretions. Regardless, the dogs were still
able to detect the odor, reaching similar results, despite samples
being different from ours as we used a much safer sampler than
infected respiratory samples. Another study (14) used the same
type of sample presented in this study (axillary sweat), worked
with eight dogs, and notably obtained about 83–100% success,
with all of them significantly different from the percentage of
success expected by chance alone. Whether other illnesses were
associated with those patients was not the focus of this study, but
future studies may show whether there is a connection between
different diseases and detection.

Compared with other studies, the present study used less
invasive clinical samples and presented a lower risk of infection
for humans and contamination to the surrounding environment
than those using oral and respiratory secretion samples (15, 16).
Although the influence of the prevalence of diseases in the
success of the testing needs to be accessed on field trials, this
approach suggests that the dogs, given the opportunity, can
access and screen patients without the hassle of taking any sample
to a laboratory.

Considering the major disturbance caused by COVID-19 in
everyday life, especially the necessity of returning the mobility
of the population to a more regular level, the use of canine
olfactive detection to identify COVID-19-positive individuals, a
non-invasive technique using axillary sweat sample, has shown

to become a very promising avenue. In this study, we have
shown an above 97% success in identifying COVID-19-positive
samples, including a false-negative RT-PCR sample by dog
olfactive detection, with PPV of 100% and NPV above 98%.
Taken together, these results and the statistics associated with
them are extremely important to corroborate this successful One
Health approach in Latin America as a means to reduce human,
environmental, and animal risk of exposure to COVID-19.
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