
University of Veterinary Medicine Hannover 
 
 
 
 
 
 
 
 
 

The olfactory abilities of canines - detection of the novel 

coronavirus SARS-CoV-2 in human body fluids by 

detection dogs 
 
 
 
 
 

Inaugural-Dissertation 
to obtain the academic degree 
 Doctor medicinae veterinariae  

(Dr. med. vet.) 
 
 
 
 

submitted by 
Paula Jendrny 

Frankenthal 
 

Hannover 2021 

 
 
 
 
 
 
 

 

 



Academic supervision:   Prof. Dr. Holger A. Volk 

Department of Small Animal Medicine and 

Surgery  

University of Veterinary Medicine Hannover 

 

Dr. Esther Schalke 

Bundeswehr School of Dog handling (Ulmen)  

 

Prof. Dr. Maren von Köckritz-Blickwede 

Research Center for Emerging Infections and 

Zoonoses 

University of Veterinary Medicine Hannover 

 

 

 

 

 

 

 

 

 

 

1. Referee:  Prof. Dr. Holger Volk 

Department of Small Animal Medicine and Surgery  

University of Veterinary Medicine Hannover 

 

 

 

2. Referee:  Prof. Dr. rer. nat. Ute Radespiel 

Institute for Zoology 

University of Veterinary Medicine Hannover 

 

 

 

 

 

 

 

 

 

 

Day of the oral examination: 05 November 2021 

 

 

 

 
 
 



  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This thesis is dedicated to my family for their unconditional support and endless love. 
 
 
 

 
 
 
 
 
 
 

Memories, imagination, old sentiments, and 

associations are more readily reached through  

the sense of smell than through any other channel. 

Oliver Wendell Holmes 
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INTRODUCTION 

 

The extraordinary olfactory sense of canines qualifies dogs for their use as detection dogs in a 

wide range of applications such as identifying explosives, drugs, currencies, humans, 

endangered animal species or parasites as well as different medical conditions. Dogs can 

provide reliable, cost-effective and fast detection tools in various areas. The use of odour 

detection as a diagnostic instrument is of increasing interest in recent decades although even 

the ancient Greeks have recognised body odour changes as symptoms of specific diseases (Hill 

et al., 2012). A complex anatomical and physiological system of the olfactory apparatus enables 

the olfactory capability of dogs (Jenkins et al., 2018). 

The main objectives of this thesis were to examine whether a specific severe acute respiratory 

syndrome coronavirus type 2 (SARS-CoV-2) associated odour occurs in infected individuals, 

which is detectable by trained detection dogs. Furthermore it was aimed to elaborate an 

effective training method to condition dogs to a pathogen-specific odour in different body fluids 

of SARS-CoV-2 infected individuals to provide reliable SARS-CoV-2 detection dogs as a new 

screening method with high diagnostic accuracy for pandemic containment. The following parts 

of the introduction are majorly based on the review by Jendrny et al. (2021) to provide the 

current state of science and background information on the field of biomedical detection dogs.  

 

The COVID-19 pandemic 

 

The novel coronavirus SARS-CoV-2 broke out in Wuhan, China, in December 2019 for the 

very first time (Velavan and Meyer, 2020). Increased cases with individuals suffering severe 

pneumonia of unknown origin occurred. After that, the virus spread across the globe within a 

few months and was declared as a global health emergency by the Word Health Organization 

(WHO) in January 2020 (Velavan and Meyer, 2020). As of early August 2021, the pandemic 

caused approximately 199 466 200 confirmed cases and 4 244 500 deaths worldwide as well as 

widespread restrictions on public and private life in form of lockdowns and legal regulations 

for coping with the current situation (WHO, 2021). In Germany alone, the pandemic caused 

about 3 777 400 confirmed cases and claimed 91 700 lives by early August 2021 (RKI, 2021). 

 

Two main theories about the origin of the virus exist: escape/release from a laboratory in 

Wuhan, China or zoonotic emergence (natural selection in a wild animal host and following 



 INTRODUCTION 

 

2 
 

zoonotic transfer) but none of them has yet been conclusively proven (Burki, 2020; Andersen 

et al., 2020; Holmes et al., 2021). An outbreak of the virus from the laboratory would be the 

result of accidental infection of laboratory animals such as mice in the course of serial passage 

of a severe acute respiratory syndrome-related coronavirus (SARSr-CoV) but early SARS-

CoV-2 isolates were not able to infect wild-type mice (Wan et al., 2020). The suspicion of a 

laboratory origin was caused due to the existence of a virological laboratory studying 

coronaviruses in the city of the outbreak (Holmes et al., 2021). A zoonotic event as the origin 

of the SARS-CoV-2 outbreak is more likely. The documented history of SARS-CoV-2 to date 

is similar to previous outbreaks starting on animal markets. As was the case with the SARS-

CoV outbreak in 2002, individuals who worked at or lived near animal markets were infected 

first at the beginning of the pandemic. The fact that Wuhan is the largest city in Central China 

with several livestock markets and an important travel and trade centre, well connected to other 

regions in China and internationally, could have resulted in a rapid spread of the virus. The 

reservoir species for SARS-CoV-2 has, to date, not been identified but there is scientific 

evidence for a zoonotic event as the viral origin (Holmes et al., 2021). 

 

SARS-CoV-2 (a single-stranded ribonucleic acid virus) is a betacoronavirus from 

Coronaviridae family which binds with the receptor binding domain (RBD) of its spike proteins 

to human Angiotensin-converting enzyme 2 (hACE2) receptors to enter into the host cells 

(Mittal et al., 2020; Macchi et al., 2020). 

  

Infection occurs via droplets or aerosols from infected individuals carrying virus particles that 

enter the upper respiratory tract of persons in their vicinity. The median incubation period is 

five to six days. An infection primarily affects the respiratory tract causing the onset of 

coronavirus disease 2019 (COVID-19) which can be associated with asymptomatic infection 

courses, mild illnesses of the upper respiratory tract with symptoms such as fever, fatigue, 

cough, anorexia, malaise, muscle pain, sore throat, dyspnoea, nasal congestion, and/or headache 

(Macchi et al., 2020). In addition, more severe courses with pneumonia can occur as well as 

very severe courses with acute respiratory distress syndrome (ARDS) (Xia et al., 2021). 

Particularly severe emergencies may also result from sepsis and septic shock, multiple organ 

failure, including acute kidney injury and cardiac injury because of the expression of the 

binding receptor in several tissues (Macchi et al., 2020). On top of that, various co-morbid 

diseases like pre-existing cardiovascular disease, chronic kidney disease, diabetes mellitus, 

hypertension, chronic respiratory disease, and immuno-compromised states increase the 
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severity of an infection (Ng et al., 2021). However, once the acute infection ended, symptoms 

may persist, which is called post-acute COVID-19 or long COVID (Greenhalgh et al., 2020). 

Although guidelines for identification and management have been established, this condition 

has not yet been conclusively clarified and defined (Venkatesan, 2021). The clinical picture 

manifests itself with the following ongoing symptoms which last longer than four weeks after 

the beginning of acute COVID-19: fatigue, intermittent headaches, anosmia, lower respiratory 

symptoms as well as cardiac symptoms, concentration and memory issues, tinnitus, earache and 

peripheral neuropathy symptoms. There is a very wide repertoire of possible symptoms for this 

disease (Sudre et al., 2021; National Institute for Health and Care Excellence, 2020).  

  

Several test systems now exist for the detection of SARS-CoV-2 infections. The gold standard 

reverse transcriptase polymerase chain reaction (RT-PCR) provides the most reliable results 

under ideal conditions. In addition to this method, rapid antigen tests have been developed and 

numerus studies are being performed on further test systems like SARS-CoV-2 detection dogs 

to detect acute SARS-CoV-2 infections (Deeks et al., 2020). The RT-PCR assay is used to 

detect viral ribonucleic acid in the collected sample material and test results are typically 

available after 24 hours (Deeks et al., 2020). Even RT-PCR as the gold standard does not 

provide error-free results under everyday clinical condition. Wikramaratna et al. (2020) found 

that sensitivity decreases with time after symptom onset in symptomatic individuals. The 

probability of a positive RT-PCR test result for an infected person is about 96% on the day of 

symptom onset, 75% on day ten after symptom onset and decreases to only 3% on day 31 after 

symptom onset. They also achieved higher sensitivity using nasopharyngeal rather than 

oropharyngeal swabs. Another study reported false negative RT-PCR results of initial 

assessments ranging from 2-58% (Arevalo-Rodriguez et al., 2020). The inconsistency of the 

diagnostic accuracy of the RT-PCR could be caused by many factors, e.g. laboratory personnel, 

sample collection/sample handling or reagent preparation (Tahamtam and Ardebili, 2020). 

Rapid antigen tests do not achieve the diagnostic accuracies stated by the manufacturers 

(sensitivities 86-99%, specificities 93-100%) under real conditions (Bundesinstitut für 

Arzneimittel und Medizinprodukte, 2021). Berger et al., 2021, evaluated the diagnostic 

accuracy of two commercial SARS-CoV-2 antigen-detecting rapid tests. In this study, the tests 

achieved sensitivities of 85.5% and 89%, respectively, and specificities of 100% and 99.7%. 

Here, the detection rate on the day of symptom onset was worse than on days one to five after  

symptom onset. The unsatisfactory test situation, high costs for staff training and deployment, 

equipment and reagents for ongoing and long-term mass screening, and the lack of existing 
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testing capacities in some countries and regions led to the development of alternative testing 

methods, such as a screening method provided by detection dogs. 

 

Apart of efficient testing strategies to put a definitive end to the pandemic, widespread 

vaccination with highly effective vaccines is needed. The only way back to normality so far is 

the development of herd immunity, for which about 70% of people worldwide would have to 

be vaccinated (Samaranayake et al., 2021; Creech et al., 2021). There are two different types of 

vaccines. Viral vector vaccines like Vaxzevria® (AstraZeneca) use replication-incompetent 

adenoviruses to express the genetic antigen sequence in the hostcells. These types of vaccines 

prevent hospitalisation and severe courses leading to death but have variable efficacy in 

preventing clinical disease, especially when infected with novel SARS-CoV-2 variants (Creech 

et al., 2021). In messenger ribonucleic acid (mRNA) vaccines like Comirnaty® (Pfizer-

BioNTech) and Spikevax® (Moderna), lipid nanoparticles protect the spike protein-encoding 

mRNA on its way into the cell. The host cell uses the mRNA to produce the target protein (in 

this case, the spike protein), which triggers an immune response. These vaccines achieve more 

than 90% efficacy against clinical disease (Creech et al., 2021). Obstacles to administration, 

such as inadequate primary care, inefficient administration of the vaccine and widespread 

reluctance to vaccinate led to too few people being vaccinated, especially at the beginning, and 

thus the pandemic has not been ended to date (Creech et al., 2021). According to WHO, about 

3 946 458 300 vaccine doses have been administered to date (early August 2021). 

 

Origin and composition of odours 

 

Odours consist of various volatile organic compounds (VOCs) in different compositions 

residing in the air which are detectable by dogs through inhaling and processing (Goss et al., 

2019). The term VOCs describes atmospheric trace gases except for carbon dioxide and 

monoxide (Kesselmeier et al., 2000). There is a high diversity, heterogeneity and a vast amount 

of different compounds. Biogenic VOCs e.g. are isoprene and monoterpenes (most prominent 

compounds), as well as alkanes, alkenes, carbonyls, alcohols, esters, ethers and acids 

(Kesselmeier et al., 2000). Moreover, these compounds have a strong odour, are barely water-

soluble and are produced and emitted by animals, plants and microorganisms (Kesselmeier et 

al., 2000). The concentration of non-methane biogenic VOCs in the atmosphere includes a 

magnitude between a few parts per trillion and several parts per billion (Kesselmeier et al., 

2000). Atmospheric VOC-concentrations underlie several influencing factors like 
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anthropogenic and biological sources as well as physical and chemical influences (Kesselmeier 

et al., 2000). The VOC-pattern of an organism is mainly influenced by metabolism, infections, 

physiology as well as pathology, the VOC-producing cells and exogenous sources (Kesselmeier 

et al., 2000). All of the VOCs have different physico-chemical properties (Amann et al., 2014). 

The entire quantity of VOCs produced by an organism is called ‘volatilome’ and mirrors its 

metabolic condition and (patho)physiological processes but do not always have to be 

endogenous (Amann et al., 2014). Exogenous VOCs also exist, e.g. in skin emanations or breath 

of smokers. Different diseases cause the emergence and emission of specific VOC-patterns, 

which can be used as diagnostic olfactory biomarkers (Shirasu et al., 2011). Abd El Quader et 

al. (2015) analysed pathogen-related VOCs emanated from virus and bacterial cultures. 

Steppert et al. (2020) found a difference in emanated VOCs between SARS-CoV-2 and 

Influenza-A infections in human breath and consistent marker compounds for COVID-19 were 

detected in breath samples (Ruszkiewicz et al., 2020). VOCs can be liberated from various 

tissues and body fluids. Commonly used body fluids and tissues for diagnostic testing are skin 

emanations, urine, blood, saliva and faeces differing in their VOCs composition (Shirasu et al., 

2011). Additionally, the inter-individual pattern variations and concentrations are of great 

extent, which depends on various factors like differences in metabolism and physiology 

(Shirasu et al., 2011). It is important to emphasize that the biochemical origins for some of the 

VOCs have not been completely elucidated until now. Human bodies emit an extensive 

repertoire of VOCs that vary with age, diet, gender, genetics and physiological or pathological 

status and can be considered as individual attributes (Shirasu et al., 2011). Pathological 

processes influence the body odour either by producing new VOCs or by changing the existent 

VOC-pattern (Shirasu et al., 2011).  

 

 

Neuroanatomy of dog’s olfaction 

 

The anatomical construction of the olfactory system is highly structured in order to ensure 

efficient nasal odourant transport as well as respiratory airflow (Craven et al., 2007). The 

substantial elements of the olfactory system are the outer nose with nares and nasal wings, nasal 

cavity, the olfactory epithelium with receptors, the vomeronasal organ, the olfactory bulb and 

the olfactory cortex of the cerebrum (Craven et al., 2007).  

 



 INTRODUCTION 

 

6 
 

 

Figure 1. Schematic structure of important components of the olfactory system in humans 

and dogs 

Adapted from Jendrny et al. (2021) 

 

The nasal cavity is divided medianly by the nasal septum (Evans and de Lahunta, 2013). Each 

side includes a nasal vestibule lined with cutaneous mucosa, a respiratory and an olfactory 

region, but also comprises a naso-, maxillo- (lined with respiratory epithelium and a small 

number of olfactory neurons) and ethmoturbinate (olfactory epithelium) to increase the 

olfactory mucosal surface, especially in macrosmatics (Buszewski et al., 2012; Craven et al., 

2007). For example, the olfactory mucosa in a German Shepherd is about ten times larger than 

in humans (Issel-Tarver et al., 1997). The three turbinates divide the nasal cavity’s chamber 

into three meatuses of the nose, whereas the ventral meatus is responsible for the respiration 

(inspiration and expiration) leading the air through the nasopharyngeus to the lungs (Craven et 

al., 2007). The dorsal meatus leads to the olfactory organ, whereas the middle nasal meatus 

terminates in the paranasal sinuses (Craven et al., 2007; Evans and de Lahunta, 2013). In 

general, during inhalation the air flows from the nares and the nasal vestibule to the 

maxilloturbinate, then into the ethmoturbinates and the paranasal sinuses towards the pharynx 

(Craven et al., 2007; Evans and de Lahunta, 2013).  

The nasal cavity lining has the function to separate odour molecules by their partition 

coefficients into the mucosa and to create different flow dynamics in order to distribute odour 

molecules to the receptors, thus patterning the odourants (Mozell, 1964; Moulton, 1976). The 

respiratory epithelium consists of a multi-row ciliated epithelium with goblet cells (Craven et 

al., 2007). The olfactory epithelium implies a pseudostratified columnar neuro-epithelium 
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located next to the cribriform plate and lining the turbulate bones symmetrically in the nasal 

cavity with millions of olfactory receptors (OR) and olfactory receptor cells (ORC), but also 

supporting sustentacular cells regulating the nasal mucous composition, isolating the ORCs and 

protecting the epithelium from inhaled potentially dangerous substances (Morrison and 

Constanzo, 1992; Mori and Yoshihara, 1995; Hawkes and Doty, 2009). Moreover, basal cells 

comprise Bowman’s glands in the lamina propria whose secretion builds a mucous layer in 

combination with the sustentacular cells’ substances which maintain nasal humidity and 

captures odourants (Jenkins et al., 2018; Morrison and Constanzo, 1992). The regular olfactory 

perception depends on this area (Hawkes and Doty, 2009). At least two other receptor families 

play a role in olfaction: the trace-amine associated and formyl peptide receptors (Fleischer et 

al., 2009). They are expressed in many different tissues and organs and can also be found in the 

nervous system (Bienenstock et al., 2018).  

 

Via unique airflow patterns, environmental odourants selectively bind to the ORs to initiate 

odour perception (Bamford, 2009). The ORC is a bipolar neuron: the dendrite extends in the 

direction of the olfactory epithelium and terminates with the ORs located extracellular in the 

cilia of the mucous layer, whereas the axons of all ORCs build the olfactory ‘nerve’ (fila 

olfactoria) (Bamford, 2009). The total amount of ORCs in humans is about 5 million, whereas 

dogs depending on the dog breed can have about 200-300 million ORCs and the olfactory 

sensory neuron density is 100 times greater in dogs than in humans (Sarafoleanu et al., 2009; 

Bamford, 2009). In comparison to humans who have about six to eight cilia per cell, dogs have 

a quantity of 20 to 100 cilia per cell in which the olfactory receptor proteins are embedded and 

which causes the extraordinary permission of very low odourant concentrations (Bamford, 

2009).  There is only one type of OR per ORC. Furthermore, there is a linear relationship 

(proportionality) between the number of activated ORs and the perceived odour intensity 

(Jenkins et al., 2018). Another specific property of ORCs in contrast to other sensory cells is 

their regenerating capability that is supported by basal cells in the olfactory epithelium (Monti 

Graziadei and Graziadei, 1979). This complex structure gives dogs the ability to detect an 

enormous quantity of different odour molecules with subtle shape, size or stereoisomeric 

differences (Buck, 2000; Riezzo et al., 2014).  

 

Via a transduction cascade including a second messenger pathway with G-Proteins, cyclic 

adenosine monophosphate (cAMP)-release and the opening of sodium gated channels 

intracellular, depolarization is caused and action potentials are transmitted along the olfactory 
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tract to the olfactory bulb (Jenkins et al., 2018). Unique combinations of activated ORs induce 

the cognition of different odours in the brain. The ORC’s axons penetrate the cribriform plate 

building the cranial olfactory nerve and stimulate the olfactory bulb neurons called glomeruli 

through direct contact. The sensory function of the olfactory bulb is the initial processing of 

olfactory information but the modulatory function affects the forebrain, hypothalamus and 

limbic system (Jenkins et al., 2018). The glomeruli approach dendrites of mitral cells and tufted 

cells whose axons constitute the lateral olfactory tract that conducts the signal to the piriform 

cortex. The mitral cells’ function is the projection to the olfactory cortex in the medial temporal 

lobes after refining and modifying the olfactory signal because of their lateral interconnection. 

On top of that, olfactory pathways of the amygdala and piriform cortex as well as the limbic 

system underlie the interconnection between olfaction and memory (Hawkes and Doty, 2009).  

 

The olfactory cortex receives sensory signals from the olfactory bulb. The olfactory cerebral 

areas can be differentiated into two functional categories: conscious odour perception generated 

in the neocortex (orbitofrontal) and the limbic system operating regulation of olfaction, 

memory, behaviour and motivation. The olfactory cortex has four functional parts for 

processing the olfactory signals: the anterior olfactory nucleus that creates and stores olfactory 

gestalts, the piriform cortex that adds behavioural, cognitive and contextual information, the 

amygdala that processes the information emotionally and ultimately the entorhinal cortex for a 

functioning memory. The entorhinal cortex conveys the signals mainly to the hippocampus 

which provides the odour threshold and odour reception. Moreover, the other three parts of the 

olfactory cortex transfer the information to the thalamus to generate olfactory stimuli actions. 

The thalamus itself receives information from the caudate nucleus (reward system) and 

exchanges information with the frontal cortex where a conscious olfactory experience and 

cognition emerges (Jenkins et al., 2018). Furthermore, the fact that canines have high relative 

volumes of the isocortex as well as the limbic system may partially contribute to the tremendous 

olfactory acuity (Reep et al., 2007). 

  

An additional olfactory system can be found in the vomeronasal organ of dogs. It is located 

bilaterally symmetric on the ventrorostral bottom of the nasal cavity behind the canine teeth 

and associated to the nasal and oral cavity. Its sensory epithelium detects mainly pheromones 

and non-volatile molecules for inter-species specific communication and reproduction. The 

transmission follows a separate pathway directly to the hypothalamus (Bamford, 2009; Dennis 

et al., 2003). 
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 Physiology of dog’s olfaction and fluid dynamics 

 

The extraordinary olfactory sensitivity of the dog is ensured by a variety of factors. Not only 

the size of the surface of the olfactory epithelium and the relative size of the olfactory bulb, but 

also the density of the ORCs, the composition of the gene repertoire, as well as certain 

pseudogenes play a decisive role (Quignon et al., 2003; Quignon et al., 2005; Tacher et al., 

2005; Robin et al., 2009). Animals use olfaction to find and select nourishment or prey (Houpt 

et al., 1978; Bradshaw, 1991), for recognition of social partners, predators or environmental  

toxins, for orientation and communication (Shirasu and Touhara, 2011; Firestein, 2001). 

Compared to humans, who possess an olfactory mucosa of about ten square centimeter, the 

olfactory epithelium’s surface area is significantly larger in dogs. Depending on dog breed and 

snout size, i.e. 95-126 cm2 in German Shepherds (Issel-Tarver and Rine, 1997). In addition, the 

quantity of cilia with ORs of the ORCs is higher resulting in the magnificent olfactory acuity 

of dogs. The canine’s scent detection ability limit for VOCs has a reported range of parts per 

million and parts per trillion, thus 10,000-100,000 times more sensitive than in humans (Walker 

et al., 2006). 

 

The first step of odour perception is the transport of odour molecules to the olfactory epithelium 

and thus the fluid dynamics during the olfactory process also contribute to the olfactory 

sensitivity of the dog (Craven et al., 2010). There is a major difference between breathing and 

sniffing in dogs. While breathing, most of the inspired air flows through the nasopharynx into 

the lungs but only a small percentage (12-13%) reaches the olfactory areas (Bamford, 2009). A 

sniff is the first critical step of the olfactory process with the function of generating unique 

unidirectional laminar airflow patterns to transport environmental odourants into the nasal 

cavity to the olfactory epithelium (Craven et al., 2010). 
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Figure 2. Three-dimensional computed tomographic reconstruction of a dog’s skull with 

arrows representing the airways. While the pink arrow shows the common airflow, the 

red and blue arrows represent the olfactory and respiratory airflow, respectively. The 

nostrils, the tracheal tube, the olfactory and respiratory epithelium as well as the olfactory 

bulb are labelled. 

Adapted from Jendrny et al. (2021) 

  

Furthermore, sniffing increases odour sensitivity and affects the intensity of odourants (Craven 

et al., 2010; Gazit and Terkel, 2003). The sniffing process generates external (outside the 

nostrils) and internal (within the nasal cavity) fluid dynamics (Craven et al., 2010). The ambient 

air is inhaled from the front and exhaled to the side for efficient odourant sampling whereas 

each nostril samples separately (Siniscalchi et al., 2011). Air in immediate proximity of the 

nostrils is drawn resulting in an inspiratory airflow. The expiration period contains of an 
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ejecting ventrolateral air flow which mixes ambient odourants on the ground surface in close 

proximity to the nostril to inspire those odourants afterwards (Settles, 2005). In the olfactory 

recess there is no air flow at all in the expiration phase which results in an extended exposure 

of the inspired air to the ORs in this area (Lawson et al., 2012). The deposition of the inhaled 

odourants also plays an important role in the olfactory process. Highly soluble odourants are 

located in front of the olfactory cleft; moderately soluble odourants, by contrast, are found 

everywhere in the olfactory cleft because of the specific location of the corresponding OR-types 

(Lawson et al., 2012). In the cognition process of various stimuli, hemispheric specialization 

takes place. For the olfactory pathway, it means, that olfactory stimuli ascend from the detection 

place in the nasal cavity to the place of perception in the olfactory cortex ipsilateral (Siniscalchi 

et al., 2011). Dogs use preferentially the right nostril to detect conspecific arousal or novel 

odours, transmitting sensory input to the right cerebral hemisphere to process alarming stimuli. 

The left nostril is preferentially used to sniff non-aversive, familiar and heterospecific arousal 

odours as well as target odours by detection dogs (Siniscalchi, 2016).  

  

 

Influence on olfaction 

 

There are several circumstances which can affect the olfactory sense of dogs. Some are of 

physiological origin, others are caused by pathological conditions.   

 

Physiological varieties in the olfactory capability are most frequently caused by differences in 

genetics. In general, macrosmatic animals have an olfactory gene array of greater extent, much 

larger than microsmatics like humans. Genetic research has determined that ORs are encoded 

in the largest gene family of the mammalian genome (Tacher et al., 2005). This large spectrum 

allows them to detect various different odours and perceive minimal concentrations of VOCs. 

In general, there are about 1094 olfactory genes in dogs but 20.3% are annotated as 

pseudogenes, so dogs have about 800 functional olfactory genes in comparison to humans who 

have about 450 (Quignon et al., 2003; Quignon et al., 2005). The repertoire of olfactory genes 

in every dog breed is the same but a high genetic polymorphism exists (Issel-Tarver and Rine, 

1996). Lesniak et al. (2008) found a relation between the OR gene polymorphism and the 

detection performance in sniffer dogs as well as a polymorphism in specific OR genes in 

humans accounted for sensitivity to specific odourants. Specific alleles at two gene loci are 

accountable to odour recognition efficiency, regardless of the canine’s qualification. Tacher et 
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al. (2005) discovered breed-specific allelic variants of genes. Nevertheless, not only the 

functional genes are important. Every breed has different subsets and frequencies of 

pseudogenes, which are functionally inactive due to mutations. High pseudogene frequencies 

are associated with poor odour sensitivity and there are also differences in the polymorphism 

within one breed (Tacher et al., 2005). Another study showed a high overall level of 

polymorphism which likely functions to modify the receptor’s binding capacity between 

different dog breeds. This genetic OR diversity seems to affect the odourant sensing capabilities 

(Robin et al., 2009). Differences in the olfactory capabilities of different dog breeds and wolves 

are also described. Polgàr et al. (2016) compared detection abilities of dog breeds selected for 

scenting abilities, dog breeds for other purposes, brachycephalic dog breeds and hand-raised 

wolves. As a result, the breeds selected for odour work (e.g. Shepherd Dogs or Labradors) and 

in some tests even wolves performed better than the other dogs and the short-nosed breeds. On 

the contrary, in another experiment, pugs significantly outperformed the German Shepherds in 

terms of odour discrimination and maintaining performance despite decreasing odourant 

concentration (Hall et al., 2015). 

 

Secondly, the environmental conditions influence the odour sensing abilities (Jenkins et al., 

2018). Relative humidity and barometric pressure may directly affect the olfaction, besides their 

effects on odour emergence and movement itself. Odour detection dogs perform best in an 

environment with high relative humidity (Schauber, 2008). The reasons could be enhanced 

nasal humidity and trapping of odourants (Jenkins et al., 2018). Moreover, humidity causes a 

higher odour intensity and improves pheromone detection (Majumder and Bhadra, 2015; 

Jenkins et al., 2018). The ambient temperature is also an affecting factor. Heat stress provokes 

panting which decreases the efficiency of odour detection abilities (Jenkins et al., 2018; Otto et 

al., 2017). 

  

Age can influence the sensory process (Hirai et al., 1996). Olfaction and its cognition is 

impacted by age in humans (Hüttenbrink et al., 2013) as well as dogs (Jenkins et al., 2018). In 

humans, age affects various functional parts of the olfactory system, e.g. altered nasal 

engorgement control, cumulative epithelial damage in the nasal cavity, decreased amount of 

protective mucosal enzymes, loss of OR-selectivity and neurodegenerative conditions (Doty 

and Kamath, 2014). Analogical changes were also described in dogs at an age of older than 14 

years (Hirai et al., 1996). A decreased amount of ORCs and their cilia was found in old dogs as 

well as senile brain changes like cerebrovascular amyloidosis in the olfactory bulb. Contrary to 
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this, scientific literature indicates that an early life exposure to stimuli (even odour stimuli) 

enhances the capability of discrimination and similar task learning later in a dog’s life (Troisi 

et al., 2019). 

 

Conditioning, training and management play a major role for the use of dogs as detection dogs 

(Jenkins et al., 2018). Exercise and condition deficiencies are described as physical stressors 

which may affect the olfaction in canines directly or indirectly (Jenkins et al., 2018). Physical 

exercise affects the olfaction of detection dogs by decreasing find rates after exercise, especially 

in dogs with poor physical conditions (Angle et al., 2014; Altom et al., 2003). Gazit et al., 2003, 

describe an inverse relationship between the panting rate and the olfactory efficiency of 

working explosives detection dogs which means panting leads to a poor outcome in terms of 

explosives detection. Moreover, a longer search period also led to a decreasing search efficiency 

but the dogs were able to adapt to difficult conditions induced by extremely exhausting activity. 

Fear-related behaviour can also impair the performance of detection dogs as well as 

psychological distress because of welfare problems (Troisi et al., 2019). Scent detection training 

techniques can improve odour sensitivity and discrimination and also housing and general 

management may influence the dogs’ detection work by affecting the learning capability and 

therefore enhancing cognitive tasks in terms of lower stress levels due to social contact and an 

enriched, secure environment (Fischer-Tenhagen et al., 2017; Byosiere et al., 2019; Gazit and 

Terkel, 2003; Angle et al., 2014; Troisi et al., 2019). Stress management is also an important 

factor for detection dogs, because arousal due to distress, anxiety or frustration results in panting 

that deteriorates the olfactory sense (Troisi et al., 2019). Poor animal welfare due to inadequate 

accommodation and social interaction leads to learning difficulties and decreased attention 

(Haverbeke et al., 2008; Rooney et al., 2009).  

 

Hydration, nutrition, and the microbiome of dogs manipulate the olfactory sense (Otto et al., 

2017; Angle et al., 2014; Jenkins et al., 2018). As mentioned, heat stress influences olfaction 

due to provocation of panting but dogs are able to develop heat tolerance. One factor for heat 

tolerance is the hydration state so there is an indirect impact of hydration on the olfactory sense 

(Otto et al., 2017). On top of that, systemic dehydration is combined with dehydration of the 

nasal mucosa which leads to decreased enzyme activity and membrane fluidity that results in 

poor olfactory function (Altom et al., 2003).  

The nutritional factor influencing the olfactory sense of dogs includes ingredients like the 

fat/protein ratio and the fat source. It has been shown that the energy requirements of working 
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detection dogs increase with the amount of performed searching trials, so low energy levels due 

to poor nutrition may impact the search work (Mullis et al., 2015). There are more research 

results in rodent studies than dogs concerning the coherence between olfactory sensitivity and 

nutritional status. Aimè et al. (2007) found that fasting increases olfactory abilities in rats and 

suggest the increased odour detection efficiency as a particular aptitude to detect odours of food 

or predators more easily. This results in the fact that feeding time is an important factor for 

olfactory acuity and leads to the consideration if feeding detection dogs after work, instead of 

before, may benefit the detection efficiencies. Interestingly, neurons in the olfactory cortex of 

primates decrease their responses to the odour of food if they were fed to satiety prior of 

scenting (Critchley and Rolls, 1996). This could be a fact in canines as well and leads to the 

conclusion that the amount of food per meal is important. Another consideration is whether 

ghrelin as an appetite inducing hormone also improves odour detection acuity of dogs as it was 

shown in rats and humans (Tong et al., 2011). Ghrelin receptors have been found in olfactory 

brain areas of rodents and humans and are involved in olfactory processing as well as energy 

homeostasis (Tong et al., 2011). In rats, ghrelin decreases odour detection thresholds and 

increases sniffing frequency referred to foraging (Tong et al., 2011).  

Odour detection acuity is also influenced by the dietary fat content and the types of fat (Jenkins 

et al., 2018). Not the detection thresholds but the ability to find a specific target is mildly 

improved on a diet including corn oil as a source of polyunsaturated fats in comparison to a just 

high or even low fat diet (Angle et al., 2014). In poorly conditioned dogs, high levels of 

saturated fats resulted in decreased odour detection capabilities (Altom et al., 2003). In addition, 

polyunsaturated fatty acids are essential for adequate membrane functions and regulating 

oxidative stress particularly in the hippocampus area which is important for associative learning 

(Koskinen et al., 2018).  

Bacterial metabolites such as ß-phenylethylamine are able to activate olfactory receptors. 

Various bacterial products may function as social signals and cause changes in behaviour so it 

could be advantageous to include olfaction in the research field of the microbiome-gut-brain- 

nose-axis (Bienenstock et al., 2018). Additionally, the nasal microbiome may have an impact 

on the olfactory sense of animals. Previous studies in humans have shown, that the nasal 

microbial constitution can mirror and maybe even modify olfactory functions by generating 

strong odorous components, e.g. butyric acid (Koskinen et al., 2018). Further research is needed 

on this topic. 
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Various diseases and medication can affect the olfaction of dogs. Hyposmia or anosmia means 

a decreased or a complete loss of olfactory function and is defined as a symptom which can 

have various causes. The reasons can be differentiated into conductive disorders (odourants 

cannot accomplish the olfactory mucosa), sensory hyposmia because of damaged olfactory 

mucosa and neural impairment caused by an injury in the peripheral or central nervous system 

(Henkin, 1994). Since most of the studies were conducted on humans and not on dogs, the 

following is a list of diseases potentially leading to hyposmia or anosmia in humans, which may 

be partly transferable to dogs. There is an essential need for further research regarding the 

various impacts on olfaction in canines.  

Diseases potentially leading to hyposmia or anosmia in humans (Cho, 2014): congenital and 

neurodegenerative disorders (Hüttenbrink et al., 2013; Jia et al., 2014), metabolic, endocrine 

(hyperadrenocorticism, diabetes mellitus, and hypothyreoidism (Myers, 1990)). Furthermore, 

neurologic disorders like nasal/brain tumours, granulomatous meningoencephalitis or head 

trauma (Myers, 1990) as well as general inflammation and systemic diseases, exposure to dust 

and toxic chemicals/materials, uraemia, blood flow changes, and also the hydration state (Szetei 

et al., 2003) may lead to hyposmia or anosmia. Different infections of the upper respiratory 

tract, e.g. COVID-19 infections can also cause anosmia in humans (Brann et al., 2020). Whether 

dogs play a role in the infection incidence of SARS-CoV-2 is controversially discussed in the 

literature and so far there is no evidence that dogs might be affected by anosmia through an 

SARS-CoV-2 infection, but it  cannot be completely excluded by now (Temmam et al., 2020; 

Sit et al., 2020; Fritz et al., 2020). Dog-specific viral diseases like canine distemper virus (CDV) 

and canine parainfluenza virus cause conductive hyposmia by generating nasal inflammation 

and increasing mucous secretion and also result in vascular congestion that alters the air flow 

(Myers et al., 1988). The most serious complication of a CDV-infection are neurological 

disorders due to the infection of the central nervous system (gray and white matter). This could 

result in acute and chronic encephalitis or polioencephalomalacia (Carvalho et al., 2012). 

Chronic rhinosinusitis with or without polyposis also leads to olfactory dysfunction and is a 

mix of conductive (altered mucous) and sensorineural hyposmia because of the influence on 

the ORCs. Furthermore, allergic rhinitis and turbinate engorgement result in olfactory decrease 

or complete loss. Because of the turbinate engorgement, the pathway of air into the olfactory 

cleft is diversified. Regarding nasal anatomical structures, it becomes clear that olfaction is 

affected. Increasing factors of turbinate engorgement are hypocapnia, cold air, irritating 

chemicals and an increased parasympathetic tone whereas exercise, hypercapnia and an 

increased sympathetic tone decreases turbinate engorgement (Hawkes and Doty, 2018). 
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Some pharmaceuticals used in human medicine are also applicable for dogs so the following 

drugs are mainly approved for humans but may potentially have similar effects in dogs (Lötsch 

et al., 2015). Only the effects of steroids, antibiotics and anaesthetics on the dog’s olfaction are 

documented in the scientific literature at this time (Jenkins et al., 2018). Anti-infective drugs 

like Amoxicillin, Azithromycin, Ciprofloxacin, Metronidazole and Doxycycline, antiallergenic 

agents like Prednisone and Fluticasone, antihypertensive or cardiovascular drugs like 

Amlodipine, Diltiazem and Enalapril, antilipidemics (Atorvastatin, Lovastatin, Pravastatin) as 

well as Levothyroxine as an endocrine agent are known to cause smell disorders in humans 

(Jenkins et al., 2016; Schiffman, 2018). Furthermore, anaesthetics, steroids, neurologic agents 

as well as non-steroidal anti-inflammatory drugs can also lead to hyposmia (Ezeh et al., 1992; 

Jenkins et al., 2018; Lien, 2018; Bromley, 2000).  

All of these influencing factors on olfaction should be considered during detection dog training. 

Especially in real-life deployment of detection dogs, human lives could, in the worst case, 

depend on the dog's ability to smell.  

  

 

Biomedical detection dogs   

 

The use of biomedical detection dogs for various infectious and non-infectious diseases like 

Helicobacter pylori (Pavlou et al., 2000), different cancer types (Willis et al., 2004; Cornu et 

al.,2011; Elliker et al., 2014; Fischer-Tenhagen et al., 2018; Junqueira et al., 2019; Amundsen 

et al., 2014; McCulloch et al., 2006; Schoon et al., 2020; Horvath et al., 2013; Sonoda et al., 

2011), hypoglycaemia in diabetes mellitus patients (Rooney et al., 2019; Gonder-Frederick et 

al., 2017; Los et al., 2017), epileptic seizures (Catala et al., 2019), bacteriuria (Maurer et al., 

2016), bovine virus diarrhoea (Angle et al., 2016), COVID-19 (Jendrny et al., 2020; Jendrny et 

al., 2021; Grandjean et al., 2020; Essler et al., 2021; Vesga et al., 2020; Eskandari et al., 2021; 

Grandjean et al., 2021; Hag-Ali et al., 2021; Mendel et al., 2021), Malaria (Guest et al., 2019) 

and Clostridium difficile-infections (Taylor et al., 2018) is still in its infancy but in the last years, 

several studies with them have been performed. Most of these studies indicate a disease-specific 

body odour or a specific volatile organic compound (VOC)-pattern associated with metabolic 

changes secondary to an infection (Shirasu and Touhara, 2011). In case of an infection with a 

virus, VOCs are generated purely by the host cell, but for bacteria, VOCs are generated by the 

host and the bacteria, respectively (Shirasu and Touhara, 2011). For many diseases the exact 

odour molecules that are recognised and indicated by dogs remain unknown. Disease-specific 
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VOC-patterns have been identified in diseases such as asthma, several types of cancer, cystic 

fibrosis, diabetes mellitus, dental diseases, gastrointestinal diseases, heart allograft rejection, 

heart diseases, liver diseases, pre-eclampsia, renal disease, cholera and tuberculosis (Shirasu 

and Touhara, 2011; Corradi et al., 2010; Dent et al., 2013). 

 

Canine medical scent detection appears more promising for infectious diseases than non-

infectious diseases such as cancer, diabetes mellitus and epileptic seizures. Despite some 

initially promising medical dog scent detection studies, published data varies significantly for 

the identification of cancer. Studies with trained cancer detection dogs achieved very differing 

results in the identification of various cancer types, such as bladder, prostate or ovarian cancer, 

lung and breast cancer as well as colorectal neoplasms. Diagnostic accuracies varied with 

sensitivities ranging from 19% to 99% and specificities from 73% to 99% when compared to 

histopathology as gold standard (Willis et al., 2004; Cornu et al., 2011; Elliker et al., 2014; 

Fischer-Tenhagen et al., 2018; Junqueira et al., 2019; Amundsen et al., 2014; McCulloch et al., 

2006; Schoon et al., 2020; Horvath et al., 2013; Sonoda et al., 2011). Different sample materials 

were used for presentation, e.g. urine, blood, breath or faeces, which could explain the 

variability in findings. Another influencing factor that plays a role regarding the variability of 

the results is the lack of standardisation of training and trainer bias (influence of the dog 

trainer/handler on the dog’s performance), which may have a major influence on the training 

results of detection dogs (Johnen et al., 2017).  

 

Medical scent detection dogs have also been deployed for patients with diabetic mellitus 

(Rooney et al., 2019; Gonder-Frederick et al., 2017; Los et al., 2017; Hardin et al., 2015). 

Identifying hypoglycaemic conditions is crucial for people with diabetes mellitus because of 

the potential severity and serious consequences. A drop of blood is required to measure blood 

glucose, which is an invasive method that must be performed consciously and regularly. The 

deployment of a hypoglycaemia detection dog is a non-invasive method, but satisfactory results 

have not been achieved until now. The researchers found sensitivities between 36% and 88% 

and specificities of 49% to 98% compared to the standard method of blood glucose 

measurement via blood glucose meter which achieves sensitivities of 81-96% and specificities 

of 65 to 70% depending on manufacturer (Gonder-Frederick et al., 2017; Los et al., 2017; 

Hardin et al., 2015; Kermani et al., 2017). 

 



 INTRODUCTION 

 

18 
 

The prediction of an epileptic seizure could help the affected person to find a safe environment 

before the seizure begins or to take emergency medication to suppress the impending seizure. 

It is assumed that canines have the ability to detect an alteration of the body odour before 

epileptic seizures (Catala et al., 2019).  Due to a high variability of the types and causes of 

epilepsy, it is still unknown which specific odour the dogs detect but chemical analyses could 

identify seizure-specific odour molecules (Catala et al., 2019). In another study using sweat of 

persons with epilepsy, canines distinguished between interictal and ictal sweat with a 

probability of 93% and warned the individual before a clinical seizure occurred with a 

probability of 82% (Maa et al., 2021). Some studies also report seizure alerting dogs that did 

not undergo any systematic training (Report et al., 2003; Martinez-Caja et al., 2019; Karl and 

Huber, 2017). These dogs may detect specific odour-alterations as well as visual cues or 

behavioural changes of the person with epilepsy (Report et al., 2003; Martinez-Caja et al., 2019; 

Karl and Huber, 2017).  

Studies including the detection of infectious diseases by dogs appear to be more promising. The 

training of detection dogs in the following studies was reward-based (based on positive 

reinforcement). Guest et al., 2019, performed a study for the detection of protozoal Malaria to 

develop a non-invasive screening method for infected individuals. Even in asymptomatic 

children the dogs obtained a sensitivity and specificity of 72% and 91%, respectively. 

Previously worn nylon socks were presented to the two trained dogs. The results were higher 

than the threshold for WHO malaria diagnostics.  

The training of dogs to identify bacterial infections like bacteriuria in urine (Maurer et al., 2016) 

or Clostridium difficile in stool samples (Taylor et al., 2018) also generated promising results. 

Maurer et al., 2016, trained dogs to improve strategies for detecting early stages of bacteriuria 

before the infection becomes serious. The dogs detected different pathogens (Escherichia coli, 

Enterococcus, Klebsiella, Staphylococcus aureus) with an overall sensitivity of close to 100% 

and specificity of above 90%. For the detection of toxigenic Clostridium difficile in stool 

samples, two dogs were trained and achieved sensitivities of 78% and 93% as well as 

specificities of 85%, respectively. The aim of this study was to evaluate the dog method as a 

“point-of-care” diagnostic tool. Lastly, it was also possible to train dogs to detect viral 

infections with bovine viruses (Angle et al., 2016) or with the coronavirus SARS-CoV-2 in 

various body fluids (Jendrny et al., 2020; Jendrny et al., 2021; Grandjean et al., 2020; Essler et 

al., 2021; Vesga et al., 2020; Eskandari et al., 2021; Grandjean et al., 2021; Hag.Ali et al., 2021; 

Mendel et al., 2021) with high rates of diagnostic accuracy. Real-time methods for the 

identification of viral infections are often limited or not existing, especially for resource-limited 
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environments. Angle et al., 2016, examined the ability of two dogs to detect and discriminate 

bovine viral diarrhoea virus cell cultures from cell cultures infected with bovine herpes virus 1, 

bovine parainfluenza virus and controls with high rates of sensitivity and specificity. 

 

Recently, there is a rapid, growing body of evidence for detection dogs being used for 

identifying SARS-CoV-2 infected individuals (Jendrny et al., 2020; Jendrny et al., 2021; 

Grandjean et al., 2020; Essler et al., 2021; Vesga et al., 2020; Eskandari et al., 2021; Grandjean 

et al., 2021; Hag-Ali et al., 2021; Mendel et al., 2021). The training and test design in the various 

studies differed, but the dog training in all of them was based on positive reinforcement. In 

SARS-CoV-2 detection dog studies, different sample material, study designs and dog breeds 

were used in different countries. Most of these studies achieved promising results. The most 

common dog breeds used were Malinois, other shepherd breeds and Labrador Retrievers. These 

dogs were specifically bred for scent detection, selected for their scenting ability with an 

appropriate cognition and motivation behaviour making them popular breeds for biomedical 

detection (Polgár et al., 2016). The samples were collected initially mainly from hospitalised 

COVID-19 patients, but now as well as from non-hospitalised, asymptomatic and mildly 

symptomatic infected individuals with a variety of symptoms. Some researchers used 

distractors (samples from individuals suffering from other respiratory diseases than COVID-

19) in the training and testing phases, which were slightly different from the target scent to 

better represent conditions in the field where other respiratory diseases different from COVID-

19 can also occur. A wide variety of human body fluids (saliva, tracheobronchial secretions, 

urine, sweat) as well as nasopharyngeal swabs, breath samples and masks or clothing were used 

as sample materials for presentation to dogs during training and testing (Jendrny et al., 2020; 

Jendrny et al., 2021; Grandjean et al., 2020; Essler et al., 2021; Vesga et al., 2020; Eskandari et 

al., 2021; Grandjean et al., 2021; Hag-Ali et al., 2021; Mendel et al., 2021).  

When working with detection dogs, it is not possible to know exactly to which specific VOCs 

the dogs were conditioned to. It is also unknown whether each dog had learned the same 

disease-specific VOC-pattern as being the target odour.  

Sample material from SARS-CoV-2-infected individuals was used as target samples, negative 

controls were obtained from healthy individuals and only some groups also used distractors 

(sample material from individuals suffering from other respiratory diseases other than COVID-

19) to train and test the detection dogs. Sensitivities in the different studies ranged from 65% 

to 100%, specificities from 76% to 99% (Jendrny et al., 2020; Jendrny et al., 2021; Grandjean 
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et al., 2020; Essler et al., 2021; Vesga et al., 2020; Eskandari et al., 2021; Grandjean et al., 

2021; Hag.Ali et al., 2021; Mendel et al., 2021). 

 

In order to achieve the main objectives of this work, on the one hand, investigation of the 

existence of a SARS-CoV-2 associated odour in human sample material detectable by dogs 

and, on the other hand, the development of an effective, standardised method to train reliable 

SARS-CoV-2 detection dogs with high diagnostic accuracy to support pandemic containment, 

the following studies were conducted. The objectives of the first part were to prove the 

hypothesis of the existence of an infection-specific odour in sample material acquired from 

SARS-CoV-2 infected individuals and to examine whether dogs were able to detect this specific 

odour after conditioning. The second part should answer the scientific question whether the 

dogs would transfer the conditioned odour of BPL-inactivated samples to native sample 

material of the same origin (saliva to saliva) as well as to other sample materials such as sweat 

or urine to find the most suitable sample material. 
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Abstract 

Background: As the COVID-19 pandemic continues to spread, early, ideally real-time, 

identification of SARS-CoV-2 infected individuals is pivotal in interrupting infection chains. 

Volatile organic compounds produced during respiratory infections can cause specific scent 

imprints, which can be detected by trained dogs with a high rate of precision. 

 

Methods: Eight detection dogs were trained for 1 week to detect saliva or tracheobronchial 

secretions of SARS-CoV-2 infected patients in a randomised, double-blinded and controlled 

study. 

 

Results: The dogs were able to discriminate between samples of infected (positive) and non-

infected (negative) individuals with average diagnostic sensitivity of 82.63% (95% confidence 

interval [CI]: 82.02%-83.24%) and specificity of 96.35% (95% CI: 96.31%-96.39%). During 

the presentation of 1012 randomised samples, the dogs achieved an overall average detection 

rate of 94% (±3.4%) with 157 correct indications of positive, 792 correct rejections of negative, 

33 incorrect indications of negative or incorrect rejections of 30 positive sample presentations. 

  

Conclusions: These preliminary findings indicate that trained detection dogs can identify 

respiratory secretion samples from hospitalised and clinically diseased SARS-CoV-2 infected 

individuals by discriminating between samples from SARS-CoV-2 infected patients and 

negative controls. This data may form the basis for the reliable screening method of SARS-

CoV-2 infected people. 

 

Keywords 

COVID-19; SARS-CoV-2; Volatile organic compounds; Scent detection dogs; Olfactory 

detection; Saliva 

 

Background  

The ongoing COVID-19 pandemic highlights the importance of fast and reliable testing for 

accurate identification of symptomatic and asymptomatic carriers to reduce spread of infection 

effectively 1. Current testing regimens usually require nasopharyngeal swabs applied by a 

trained person and a reverse transcription polymerase chain reaction test (RT-PCR) for 

pathogen identification. Obtaining RT-PCR results is time consuming and can be cost-
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prohibitive, especially for developing countries, and is therefore currently often used in a 

targeted fashion, testing predominantly patients with COVID-19 specific symptoms 1. There 

is therefore a need for an additional faster, reliable, non-invasive, and versatile screening tool, 

especially to identify asymptomatic and pre-symptomatic individuals.  

Several studies have proven the canines’ extraordinary olfactory acuity to detect persons with 

infectious and non-infectious diseases like different types of cancer 2, malaria 3, bacterial, 

and viral infections 4-6, with usually high rates of sensitivity and specificity 7. A pathogen-

specific odour that can be detected by dogs may be composed of specific patterns of volatile 

organic compounds (VOCs). Compared to bacteria, viruses have no own metabolism, and 

therefore VOCs are released by infected body cells as a result of metabolic host processes 8. 

Different technical approaches have used the detection of VOCs to discriminate infectious 

diseases successfully, but none is being used routinely in clinical practice 9. As dogs can be 

trained quickly, the aim of the present study was to test the concept of using dogs reliably and 

in real-time to discriminate between samples of SARS-CoV-2 infected patients and non-

infected controls. This method could be employed in public areas such as airports, sport events, 

borders or other mass gatherings as an alternative or addition to laboratory testing, thus helping  

to prevent further spreading of the virus or further outbreaks. 

 

Methods  

Sample acquisition 

Saliva samples and tracheobronchial secretion samples were collected from hospitalised 

COVID-19 patients that showed clinical symptoms and were diagnosed as SARSCoV-2 

positive using nasopharyngeal swab samples. Negative control samples were obtained from 

SARSCoV-2 RT-PCR negative people with no previous history of COVID-19, nor had the 

individuals any history of a recent cold or infection. None of the samples were screened for 

different human coronaviruses like beta coronavirus HCoV-OC43 or alpha coronavirus HCoV-

229E. After the sample acquisition, the anonymised samples were transported to the University 

of Veterinary Medicine Hannover. 

  

 

Sample preparation 

All collected samples were confirmed as positive or negative using the RT-PCR SARS-CoV-

2-IP4 assay from Institut Pasteur (recommended by the World Health Organization [10, 11], 
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including an internal control system and protocol as described [12, 13]. Samples from COVID-

19 patients (irrespective of the final RT-PCR result) were further subjected to virus 

quantification (end point dilution assay) and virus isolation analysis using Vero E6 cells under 

biosafety level 3 conditions. The cell layers were assessed for cytopathic effects and final results 

were obtained 7 days after cell infection. Since dogs are susceptible to SARS-CoV-2 [14] all 

samples from COVID-19 patients were inactivated using beta propiolactone (BPL) in order to 

protect the dogs and their handlers from infection during training. Briefly, samples and reagents 

were kept at 4 °C, 20 μl/ml NaHCO3 (7.5%) was added, and samples were incubated for 10 

min at 4 °C. After addition of 10 μl/ml of 10% BPL, samples were incubated at 4 °C for 70 to 

72 h. Hydrolysis of BPL was conducted at 37 °C for 1 to 2 h. Samples that showed a cytopathic 

effect before BPL inactivation using virus isolation or end point dilution assay were tested again 

after BPL inactivation and were confirmed to be inactivated. Only BPL inactivated samples 

from COVID-19 patients were used for the dog training. Furthermore, detection dogs were 

provided both negative control samples with and without previous BPL treatment to exclude 

hydrolysed BPL as a potential distracting reagent. For the dog training, a volume of 100 μl per 

sample was pipetted onto a cotton pad, which was placed into a 4 ml glass tube. 

 

Dog training and study design 

The presentation of the samples to the dogs was conducted via a device called Detection Dog 

Training System (DDTS; Kynoscience UG, Germany), which can present samples in a 

randomised automated manner without trainer interference. For a short video sequence, see 

Additional file 1. DDTS was utilised for training and testing. The device is composed of seven 

scent holes. Behind each hole two tubes are leading to two metal containers. In the study, the 

first container enclosed the target sample and the second one carried the control sample. Only 

one container is presented in each sniffing hole at any given time as the pairs of containers are 

situated on movable slides inside the device. The metal containers were covered with grids, 

which allowed the odour to escape and reach the sniffing hole. Each tube extension was 

identical and L-shaped, which prevented dogs from physical contact with the samples and 

excluded any visual cues that may have enabled further detection capabilities. For each trial 

run, only one hole presented a SARS-CoV-2 positive sample at a time while the other six holes 

presented negative samples. After the indication of the hole with the positive sample, the dog 

was automatically rewarded by the device with food or ball. The indication time was changed 

during successful training from 1 s to 2 s. While the reward was eaten, the device’s software 

randomly and automatically assigned new positions to the slides for the following session with 
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again only one hole presenting the positive odour sample. The dog, its handler and a person 

observing the study were blinded during the double-blinded study. All personnel stood behind 

the dog during the test runs to avoid distraction. The device recorded automatically the number 

and time length of each nose dip into the scent holes and the location of the positive and negative 

samples. This was verified by manual time-stamped video analysis. 

 

Analysis of sensitivity and specificity 

The diagnostic sensitivity (Se = true positive (‘TP’) /[TP + false negative (‘FN’)]), diagnostic 

specificity (Sp = true negative (‘TN’) /[TN + false positive (‘FP’)]), positive predictive values 

(PPV = TP/[TP + FP]) and negative predictive values (NPV = TN/[TN + FN]) were calculated 

according to Trevethan [15]. 

 

Results  

After a 2 weeks habituation process to the DDTS, the eight dogs needed 5 days of training in 

total until the detection rate was above chance. An additional spreadsheet provides background 

information of the dogs used in the study (see Additional file 2).  

 

The controlled doubleblinded detection study was then conducted after 7 days of training and 

in total 10,388 sample presentations (Table 1).  

 

Table 1. Number of presented samples per dog during training 

Day Sample status Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Dog 7 Dog 8 Total 

1 positive 15 20 15 15 15 15 15 10 120 

 negative 90 120 90 90 90 90 90 60 720 

2 positive 15 15 15 15 15 15 10 15 115 

 negative 90 90 90 90 90 90 60 90 690 

3 positive 35 35 35 35 30 35 38 35 278 

 negative 210 210 210 210 180 210 228 210 1668 

4 positive 20 15 20 20 20 40 60 20 215 

 negative 120 90 120 120 120 240 360 120 1290 

5 positive 40 40 30 30 35 30 53 60 318 

 negative 240 240 180 180 210 180 318 360 1908 

6 positive 20 7 20 14 10 10 30 15 126 

 negative 120 42 120 84 60 60 180 90 756 

7 positive 50 30 50 47 30 30 35 40 312 

 negative 300 180 300 282 180 180 210 240 1872 

Total samples: 1365 1134 1295 1232 1085 1225 1687 1365 10388 
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On each training day, unknown and known positive samples and negative control samples were 

presented to the canines. The response to the new sample was used in order to evaluate if the 

generalisation process has been achieved. While the dogs had only achieved an average 

detection rate of 50% on the second day of training, the values increased to 70% on day five 

and even 81% on day seven indicating a successful generalisation process. After completion of 

the training process, the detection accuracy of the eight trained dogs was evaluated in a 

randomised, double-blinded, and controlled study (Table 2). Samples from seven infected and 

seven healthy individuals were used in this study. Two of the positive samples were 

tracheobronchial secretion, the other samples consisted of saliva.
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Table 2. Diagnostic performance of the eight scent detection dogs 
  

Detection 

by dog 

SARS-CoV-2 

infection 

status 

Total 

number 

 
Sp Se SE 

(Sp) 

SE 

(Se) 

95%CI

Sp 

95%CI 

Se 

 
NPV PPV SE 

NPV 

SE 

PPV 

95%CI 

NPV 

95%CI 

PPV 

    

nega-

tive 

posi-

tive                             

Dog 1 No 89 3 113  0.99 0.87 0.01 0.07 0.002 0.029  0.97 0.95 0.02 0.04 0.004 0.018 

 Yes 1 20                
Dog 2 No 91 1 115  0.97 0.95 0.02 0.05 0.004 0.020  0.99 0.87 0.48 0.07 0.097 0.031 

 Yes 3 20                
Dog 3 No 81 2 104  0.99 0.91 0.01 0.06 0.003 0.026  0.98 0.95 0.62 0.05 0.134 0.019 

 Yes 1 20                
Dog 4 No 95 4 120  0.97 0.82 0.02 0.08 0.003 0.034  0.96 0.86 0.69 0.07 0.136 0.031 

 Yes 3 18                
Dog 5 No 110 2 135  0.97 0.91 0.02 0.06 0.003 0.026  0.98 0.87 0.53 0.07 0.099 0.030 

 Yes 3 20                
Dog 6 No 137 8 170  0.96 0.71 0.02 0.09 0.003 0.032  0.94 0.80 0.78 0.08 0.129 0.028 

 Yes 5 20                
Dog 7 No 92 5 122  0.95 0.80 0.02 0.08 0.004 0.031  0.95 0.80 0.78 0.08 0.156 0.031 

 Yes 5 20                
Dog 8 No 97 8 133  0.92 0.70 0.03 0.09 0.005 0.033  0.92 0.68 0.89 0.09 0.170 0.034 

  Yes 9 19                               

Total No 792 33 1012  0.96 0.83 0.01 0.03 0.0004 0.004  0.96 0.84 1.18 0.03 0.081 0.004 

  Yes 30 157                               

 

 
Sp  diagnostic specificity  SE standard error   NPV negative predictive value 

Se diagnostic sensitivity  95%CI confidence interval  PPV positive predictive value 
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Within randomised and automated 1012 sample presentations, dogs achieved an overall average 

detection rate of 94% (±3.4%) with 157 correct indications of positive, 792 correct rejections 

of negative, 33 false positive and 30 false negative indications. The canines discriminated 

between infected and non-infected individuals with an overall diagnostic sensitivity of 82.63% 

(95% confidence interval [CI]: 82.02–83.24%) and specificity of 96.35% (95% CI: 96.31–

96.39%). Sensitivity ranged from 67.9 to 95.2% and specificity from 92.4 to 98.9% (Fig. 1). 

There was no notable difference in detection ability between saliva and tracheal secretion 

(average hit rates 85.1 and 87.7%, respectively). 

 
Figure 1. Diagnostic specificity and sensitivity by dog and for all dogs together. 

Whiskers show 95% confidence intervals. 
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Discussion 

Timely and accurate detection of SARS-CoV-2 infected individuals is of uttermost importance 

for a society to control the pandemic. Our data indicate that detection dogs can be trained in 

just about a week to discriminate between samples of people infected and non-infected by 

SARS-CoV-2. The average detection rate was 94%. Analysis for accuracy and precision 

revealed a diagnostic sensitivity of 82.63% (95% CI: 82.02–83.24%) and a high diagnostic 

specificity of 96.35% (95% CI: 96.31–96.39%) for all dogs. All dogs had a high diagnostic 

specificity with a small range in variation, which could be important for population screening 

to avoid false positive results. However, there was quite a range in variation of sensitivity for 

the individual dog and inbetween dogs. This can in part be explained with the dogs’ variable 

training background (see Additional file 2), signalment, personality traits and short training 

period of 7 days. To avoid a bias concerning hospital specific smells, positive samples were 

obtained from two different hospitals to include a variation in a covariate factor and this appears 

to have not influenced the current results. Understanding better why there is this range in 

sensitivity and how to potentially improve it would be important prior to considering the use of 

detection dogs in the field. In comparison, the current gold standard diagnostic RT-PCR test of 

a nasopharyngeal swab can, in trained hands, have a false detection rate of 25% and a false 

positive rate of 2.3–6.9% [16]. A new, not yet published study indicated a clear, nearly 100% 

VOC specific pattern of SARS-COV-2 infected individuals compared to negative controls and 

individuals infected by the influenza virus using multicapillary column coupled ion mobility 

spectrometry of breath [17]. This provides further indications that unique VOC imprints exist 

and can be used for the development of diagnostic procedures. The current study results are 

promising, although they should be regarded as preliminary and suitability for this detection 

method in the field can only be acquired after further research has been conducted. Our work 

provides the very first steps of the development of a new SARSCoV-2 screening method. Our 

inclusion criteria for the samples collected were rather non-specific and not stratified by 

severity of symptoms, disease status or virus load. Future studies are needed to address this 

including a higher number of different samples to evaluate the analytical sensitivity (e.g. 

dilution of samples/detection level, different disease phenotypes and stages) and analytical 

specificity (differentiation to other lung diseases or pathogens such as cancer or infection with 

other seasonal respiratory virus infections, e.g. influenza, respiratory syncitial virus, 

adenovirus, other than SARS-CoV-2 coronaviruses, rhinovirus). In the current study negative 

control samples were acquired from healthy individuals without clinical signs of respiratory 

disease. The individuals were only tested for SARS-CoV-2 virus and therefore one cannot 
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exclude that a former infection, especially with another human coronavirus like HCoVOC43 

resulted in false positive indications of the dogs and that cross detection occurred. On the other 

hand, samples included in the current study were from severely affected, hospitalised COVID-

19 patients, but one of the main challenges in controlling the current pandemic is to identify 

pre-symptomatic COVID-19 patients and asymptomatic carriers, which may constitute most 

COVID-19 cases [18]. The sensitivity of detection by dogs may also vary across the course of 

the disease. Future research should therefore focus on the ability of dogs to identify the different 

COVID-19 disease phenotypes and phases of disease expression, such as asymptomatic, pre-

symptomatic, mild and severe clinical cases as well as to test samples of the same individuals 

at different timepoints across the course of the disease. One of the most important requirements 

regarding handling of infectious samples is infection prevention and control. Initially, it was 

assumed that dogs cannot get infected by SARS-CoV-2, but recent single cases have been 

reported showing that dogs can get infected by SARS-CoV-2 and could potentially play a role 

in viral spread [14, 19]. There is evidence of human-to-animal transmission with a subsequent 

infection of dogs. It is still unclear whether dogs can function as spreaders of the virus by 

infecting other animals or humans [14, 20]. Nevertheless, this needs to be considered when 

using dogs for detection of infected material or people. It is also unclear how an infection in the 

dog will alter its sense of smell. In the current study we chose to use an inactivation procedure 

which should not affect VOCs. However, this is not practical for testing in the field and we are 

currently developing new strategies for a secure presentation of non-inactivated samples. This 

would eliminate potential risks of virus transmission by detection dogs when used in a non-

laboratory setting. 

 

Conclusions  
Detection dogs were able to discriminate respiratory secretions of infected SARS-CoV-2 

individuals from those of healthy controls with high rates of sensitivity and specificity. The 

current pilot study had major limitations which needs to be elucidated in future studies. 

SARS-CoV-2 detection dogs may then provide an effective and reliable infection detection 

technology in various settings like public facilities and function as an alternative or addition 

to regular RT-PCR screening. In countries with limited access to diagnostic tests, detection 

dogs could then have the potential to be used for mass detection of infected people. Further 

work is necessary to better understand the potential and limitation of using scent dogs for the 

detection of viral respiratory diseases. 
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List of abbreviations  

 

RT-PCR:  reverse transcription polymerase chain reaction test 

BPL:   beta propiolactone  

VOCs:  volatile organic compounds 

DDTS:  Dog Detection Training System 

CI:   confidence interval 

 

Supplementary Information 

 

Supplementary information accompanies this paper at https://doi.org/10. 

1186/s12879-020-05281-3. 

 

Additional video 

Detection dog working with DDTS. The video (Additional file 1) shows the Labrador 

Retriever “Seven” during a detection session. The Detection Dog Training System 

(DDTS) can be seen at the bottom of the video. The scent hole with a sample of an 

SARS-CoV-2 infected individual is marked in green on the video (please note the green 

mark was not seen by the dog and was only used in the video as a visualisation tool for 

the viewer to demonstrate the dog’s search and detection behaviour). At each detection 

trial run only one hole is presenting the target scent with the other six holes presenting 

saliva samples from SARS-CoV-2 negative tested individuals. When the dog detects the 

target scent, the nose will be left within the hole for ≥2 s to indicate the detection. This 

will be recorded by the device. A beeping sound announces the food or ball reward, 

which is automatically ejected by the device, distracting the dog for a short time period. 

In the meantime, the device rearranges the sample presentation in an automatic and 

random fashion, presenting one other scent hole with a sample of a SARS-CoV-2 

positive tested individual and six control scent holes with negative control samples. In 

the upper left corner of the video, one can see how the figures change depending on the 

detection behaviour of the dog (true positive [correct indication; n = 3], true negative 

[correct rejection; n = 8], false positive [incorrect indication; n = 0], and false negative 

[incorrect rejection; n = 1]). 
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Additional table  

Characteristics of the dogs. The additional table (Additional file 2) shows the signalment 

and background of the eight dogs that participated in the study. 
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Abstract 

 

Background:  

The main strategy to contain the current SARS-CoV-2 pandemic remains to implement a 

comprehensive testing, tracing and quarantining strategy until vaccination of the population is 

adequate. Scent dogs could support current testing strategies. 

 

Methods:  

Ten dogs were trained for eight days to detect SARS-CoV-2 infections in beta-propiolactone 

inactivated saliva samples. The subsequent cognitive transfer performance for the recognition 

of non-inactivated samples were tested on three different body fluids (saliva, urine, and sweat) 

in a randomised, double-blind controlled study. 

 

Results:  

Dogs were tested on a total of 5242 randomised sample presentations. Dogs detected non-

inactivated saliva samples with a diagnostic sensitivity of 84% (95% CI: 62.5–94.44%) and 

specificity of 95% (95% CI: 93.4–96%). In a subsequent experiment to compare the scent 

recognition between the three non-inactivated body fluids, diagnostic sensitivity and specificity 

were 95% (95% CI: 66.67–100%) and 98% (95% CI: 94.87–100%) for urine, 91% (95% CI: 

71.43–100%) and 94% (95% CI: 90.91–97.78%) for sweat, 82% (95% CI: 64.29-95.24%), and 

96% (95% CI: 94.95–98.9%) for saliva respectively. 

  

Conclusions: 

The scent cognitive transfer performance between inactivated and non-inactivated samples as 

well as between different sample materials indicates that global, specific SARS-CoV-2-

associated volatile compounds are released across different body secretions, independently 

from the patient’s symptoms. All tested body fluids appear to be similarly suited for reliable 

detection of SARS-CoV-2 infected individuals. 
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Background 

 

Current situation 

The recently emerged respiratory disease coronavirus disease 2019 (COVID-19) broke out in 

Wuhan, China, in December 2019 and was declared a global health emergency by the World 

Health Organization in January 2020 [1, 2]. The severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), which causes COVID-19, infects the upper respiratory tract 

and in more serious cases may also cause severe pneumonia and acute respiratory distress 

syndrome. The clinical presentation of SARS-CoV-2 infection is heterogeneous, ranging from 

asymptomatic infection to typical symptoms such as fever, cough, fatigue, ageusia and 

anosmia, but may also present atypically and lead to multiorgan dysfunction and death [1, 3, 

4]. Containing this global pandemic requires a high rate of efficient testing, as an effective 

tool to contain viral spread. Viral loads can be detected by reverse transcription polymerase 

chain reaction (RT-PCR) assays and with slightly less sensitive and usually more rapid 

antigen detection tests in nasal or pharyngeal swabs [2, 4] and saliva [5-7] with a peak at days 

three to ten after infection. The peak of infectiousness is around symptom onset [8]. It remains 

unclear if sweat or urine are also sources of virus transmission [9, 10].  

Odour detection 

Different infectious diseases may cause specific odours by emanating volatile organic 

compounds (VOCs). These are metabolic products, primarily produced by cell metabolism and 

released through breath, saliva, sweat, urine, faeces, skin emanations and blood [11]. The VOC-

pattern reflects different metabolic states of an organism, so it could be used for medical 

diagnosis by odour detection and disease outbreak containment [12].  

Canines are renowned for their extraordinary olfactory sense, being deployed as a reliable tool 

for real-time, mobile detection of, e.g., explosives, drugs and may identify certain pathogen- 

and disease-specific VOCs produced by infected body cells. The limit of detection for canines 

is at concentrations of one part per trillion, which is three orders of magnitude more sensitive 

than currently available instruments [12]. Consequently various studies have shown dogs‘ 

abilities to detect with high rates of sensitivity and specificity [13] infectious and non-infectious 

diseases and conditions, such as different types of cancer [14], malaria [15], bacterial infections 
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caused by e.g. Clostridium difficile or mastitis causing pathogens [16, 17] , hypoglycaemia in 

diabetics [18], and virus infections in cell cultures [12, 19]. In addition, several research groups 

currently train and deploy SARS-CoV-2 detection dogs [20, 21]. In a pilot study, our group 

showed that dogs were able to detect inactivated saliva samples from COVID-19 patients with 

a sensitivity of 83% and specificity of 96% [22], which has been confirmed by other groups 

training dogs to detect either respiratory secretions or sweat samples from COVID-19 patients 

[20, 21]. Despite these preliminary promising results, it remains to be shown whether dogs 

detect VOCs which are biofluid-specific or alternatively there is a more general change in odour 

of COVID-19 patients. To test the latter hypothesis, the current study used the same training 

set-up with inactivated saliva samples as the former study [22]. The main objective of this study 

was to determine whether dogs trained with BPL (beta-propiolactone)-inactivated saliva 

samples of SARS-CoV-2 infected individuals are capable to detect native saliva samples of 

infected patients, as well as transfer recognition from saliva to other body fluids such as urine 

and sweat. The second aim was to investigate whether different stages of infection or clinical 

phenotypes of COVID-19 would alter the detection ability of the dogs. 

Scent detection dogs could be a reasonable option for a first line screening method in public 

facilities or during major events as well as in medical institutions that would be real-time, 

effective, economical, effortless and non-invasive.  

 

Methods 

 

Samples - target scent, negative controls and distractors 

To acquire saliva samples, individuals had to salivate about 1-3 ml through a straw into sample 

tubes. For the training phase, saliva samples from twelve subjects (hospitalised and non-

hospitalised SARS-CoV-2 infected individuals) suffering from asymptomatic to severe 

COVID-19 symptoms were inactivated with beta-propiolactone (BPL) according to the 

protocol described in Jendrny et al. 2020 to provide safe training conditions for dogs and 

handlers. To generate sweat samples, the test persons had to wipe their crook of the arm with a 

cotton pad. Urine samples were collected from the test persons by urinating into a cup and 

transfer of 5 ml into a sample tube. After acquisition, all of the samples were deep-frozen at -

80°C in the laboratory until usage. Samples from ninety-three participants (32 male and 61 

female subjects) were used in the study (Additional table 1). The SARS-CoV-2 status of each 

collected sample was determined by the RT-PCR SARS-CoV-2-IP4 assay from Institut Pasteur 

including an internal control system and protocol [23, 24].  
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In contrast to our first study [22], which only included hospitalised COVID-19 patients 

suffering from severe courses of disease, we now additionally included non-hospitalised 

asymptomatic individuals as well as individuals with mild clinical signs. Inclusion criteria were 

either the diagnosis of infection by positive SARS-CoV-2 RT-PCR of nasopharyngeal swabs 

(positive samples), negative SARS-CoV-2 RT-PCR result and healthy condition (negative 

control samples) or negative SARS-CoV-2 RT-PCR result and symptoms of other respiratory 

disease (distractor samples). Written consent from all participants were collected before sample 

collection. The local Ethics Committees of Hannover Medical School (MHH) and the Hamburg 

Medical Association (for the University Medical-Center Hamburg-Eppendorf (UKE)) 

approved the study (ethic consent number 9042_BO_K_2020 and PV7298, respectively). 

To ensure safety for presentation of non-inactivated samples, glasses specially designed for 

scent dog training (Training Aid Delivery Device (TADD), Sci-K9, USA) containing an odour-

permeable fluoropolymer membrane were used. A 1 x 1 x 0.5 cm cotton pad soaked with 100 

µl of fluid sample material or a snippet of the cotton pad used for sweat sampling was placed 

at the bottom of the TADD-glass and the glass was safely sealed in the laboratory under 

biosafety level 3 laboratory conditions.  

 

Dogs 

All ten dogs were German armed forces’ service dogs with a history of either protection work, 

explosives detection or no previous training except for obedience (Additional. table 2). Involved 

dog breeds were Malinois (n=5), Labrador Retriever (n=3), German Shepherd (n=1) and a 

Dutch shepherd crossbreed dog (n=1) with ages ranging between one and nine years (median 

age= 3.7 years). Six female and four male dogs were included.  

 

Testing device  

For the detection training and testing, a device called ‘Detection Dog Training System’ (DDTS, 

Kynoscience UG, Hörstel, Germany) was utilised, which provided automated and randomised 

sample presentations for the dogs as well as automatic rewards as described previously [25]. 

The recorded results were verified by manual video analysis. 

 

Training procedure 

The training procedure was exclusively based on positive reinforcement. Dogs were 

familiarised to the DDTS for six days using a replacement odour, followed by specific training 

for eight days to condition them for a SARS-CoV-2 specific odour in twelve inactivated positive 
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saliva samples and negative control samples from healthy individuals, respectively. The final 

study was conducted on four days and included non-inactivated saliva samples as well as urine 

and sweat samples. All of the samples used in the final study had not been presented to the dogs 

before.  

 

Study design of the double-blinded study 

The study was conducted in compliance with safety and hygiene regulations according to the 

recommendations of the Robert Koch Institute (Berlin, Germany), and approved by local 

authorities (regional health department and state inspectorate’s office; Hannover, Germany). 

All samples were handled by the same person with personal protective equipment to prevent 

odour contamination which may irritate the dogs. In the first session non-inactivated saliva 

samples were used to assess whether dogs were able to transfer their trained sniffing 

performance from inactivated to non-inactivated saliva samples. In the following sessions, the 

detection performances for non-inactivated sweat, urine, and, again, saliva samples were 

evaluated. There were four possibilities for the dogs to respond to the presented odours: 

  

 True positive (TP): the dog correctly indicates a SARS-CoV-2 positive sample 

 False positive (FP): the dog incorrectly indicates a negative control or distractor 

 True negative (TN): the dog sniffs shortly at a negative sample but correctly does not 

indicate it 

 False negative (FN): the dog sniffs shortly at a positive sample but does not indicate it 

 

A detection trial was considered accomplished if the dog left his snout in the target scent 

presenting hole of the DDTS for  2 sec, initiating automatically the reward-ejection of the 

device as well as the next randomised trial. By using the software-controlled DDTS, the dogs 

were automatically rewarded for indicating a positive sample without the study losing its 

double-blind status. In each trial, the device´s software randomly assigned the target scent´s 

position between the seven different positions without the dog or its handler knowing which 

hole was next positive. The results were recorded electronically for subsequent analysis and 

verified by manual time-stamped video analysis. The standard temperature in the dog training 

laboratory was controlled at 24  1°C.  

Although the samples were presented to the dogs in safe specimen vessels (TADD-glasses), the 

detection experiments with infectious material were performed in a biosafety level 2 laboratory 

to prevent any risk of infection. After leaving the test room, the canines were washed with 4% 
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chlorhexidine shampoo with at least ten min contact time to prevent any potential 

environmental contamination and virus spread. The equipment was disinfected after each test 

day with suitable disinfectant wipes soaked in limited virucidal disinfectant solution. In 

addition, swab samples of the dogs' noses and from the outside of TADD-membranes were taken 

after each day of testing and examined with RT-PCR-assays at the Central Institute of the 

Bundeswehr Medical Service or Research Center for Emerging Infections and Zoonoses to 

exclude contamination and replication with infectious viral particles in the dogs' noses or an 

escape of virus-containing material from the vessel (Additional table 3).  

 

Analysis of sensitivity and specificity 

Sample size and sample acquisition were conducted based on and according to our pilot study 

[22]. The diagnostic sensitivity as well as diagnostic specificity, positive predictive values 

(PPV), and negative predictive values (NPV) were calculated according to Trevethan [25]. 95% 

confidence intervals (CIs) for sensitivity, specificity, PPV, and NPV were calculated with the 

hybrid Wilson/Brown method  [26]. Medians of sensitivity, specificity, PPV, NPV, and 

accuracy with corresponding 95% CIs of median were also calculated per session. Two-tailed 

Fisher’s exact test was used for analysis of the contingency tables; a P  0.05 was considered 

significant. All calculations were done with the Prism 9 software from GraphPad (La Jolla, CA, 

USA).  

 

Results 

 

When non-inactivated saliva samples were presented to the dogs after training with inactivated 

saliva samples, dogs were able to discriminate between samples of infected (RT-PCR positive), 

non-infected (RT-PCR negative) individuals and distractor samples (RT-PCR negative but 

respiratory symptoms) with a diagnostic sensitivity of 84% (95% CI: 62.5–94.44%) and 

specificity of 95% (95% CI: 93.4–96%). During the following detection sessions, when the 

device was equipped with non-inactivated samples with the same body fluid (saliva, sweat or 

urine), the corresponding values for diagnostic sensitivity and specificity for saliva samples 

were 82% (95% CI: 64.29–95.24%) and 96% (95% CI: 94.95–98.9%), for sweat samples 91% 

(95% CI: 71.43–100%) and 94% (95% CI: 90.91–97.78%), and for urine samples 95% (95% 

CI: 66.67–100%) and 98% (95% CI: 94.87–100%) respectively (Table 1, Fig. 1). Disease 

prevalence was about 18% on average.  
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Table 1. Diagnostic performance of the scent detection dogs  

Session Dog 
Detecti

on 

SARS-CoV-2 

infection status 

Total 

number 

of 

sample 

presenta

tions 

Diagnostic 

specificity 

 (Sp) 

Diagnostic 

sensitivity 

 (Se) 

Confidenc

e interval 

(95% CI) 

Sp 

Confidenc

e interval 

(95% CI) 

Se 

Positive 

predictive 

value 

(PPV) 

Negative 

predictive 

value 

(NPV) 

Confidence 

interval 

(95% CI) 

PPV 

Confidence 

interval 

(95% CI) 

NPV 

Accuracy 
Fisher's 

exact test 
positive negative 

Non-

inactivated 

saliva 

samples 

(after 1 

week of 

training 

with 

inactivated 

saliva 

samples) 

Dog 1 
Yes 15 5 

132 0.9537 0.625 
0.89618–

0.98007 

0.4271–

0.78841 
0.75 0.91964 

0.5313–

0.88814 

0.8543–

0.95715 
0.89394 <0.0001 

No 9 103 

Dog 2 
Yes 14 5 

95 0.9375 0.93333 
0.8619–

0.97301 

0.70183–

0.99658 
0.73684 0.98684 

0.51208–

0.88194 

0.92916–

0.99933 
0.93684 <0.0001 

No 1 75 

Dog 3 
Yes 16 5 

136 0.95614 0.72727 
0.90142–

0.98112 

0.51848–

0.86849 
0.7619 0.94783 

0.54909–

0.89372 

0.89083–

0.97587 
0.91912 <0.0001 

No 6 109 

Dog 4 
Yes 9 12 

79 0.8209 0.75 
0.71253–

0.89446 

0.46769–

0.91106 
0.42857 0.94828 

0.2447–

0.63453 

0.85861–

0.9859 
0.81013 0.0002 

No 3 55 

Dog 5 
Yes 16 3 

81 0.95161 0.84211 
0.86712–

0.98681 

0.62435–

0.9448 
0.84211 0.95161 

0.62435–

0.9448 

0.86712–

0.98681 
0.92593 <0.0001 

No 3 59 

Dog 6 
Yes 16 5 

107 0.94318 0.84211 
0.8738–

0.97549 

0.62435–

0.9448 
0.7619 0.96512 

0.54909–

0.89372 

0.90239–

0.99049 
0.92523 <0.0001 

No 3 83 

Dog 7 
Yes 20 0 

114 1 0.83333 0.95906–1 
0.64147–

0.93321 
1 0.95745 0.83887–1 

0.89564–

0.98333 
0.96491 <0.0001 

No 4 90 

Dog 8 
Yes 17 3 

92 0.96 1 
0.88887–

0.9891 
0.81568–1 0.85 1 

0.63958–

0.94763 
0.94935–1 0.96739 <0.0001 

No 0 72 

Dog 9 
Yes 17 4 

102 0.95238 0.94444 
0.88387–

0.98133 

0.74243–

0.99715 
0.80952 0.98765 

0.59999–

0.92332 

0.93333–

0.99937 
0.95098 <0.0001 

No 1 80 

Dog 

10 

Yes 14 7 
129 0.93396 0.6087 

0.86992–

0.96765 

0.40786–

0.77842 
0.66667 0.91667 

0.45373–

0.82805 

0.84917–

0.95554 
0.87597 <0.0001 

No 9 99 

      
Median Sp Median Se 

95% CI of 

median 

Sp 

95% CI of 

median 

 Se 

Median 

PPV 

Median 

NPV 

95% CI of 

median 

 PPV 

95% CI of 

median NPV 

Median 

accuracy 

95% CI of 

median 

accuracy       

      
0.952 0.83772 

0.93396–

0.96 

0.625–

0.94444 
0.7619 0.95453 

0.66667–

0.85 

0.91964–

0.98765 
0.92558 

0.87597–

0.96491       
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Session Dog 
Detecti

on 

SARS-CoV-2 

infection status 

Total 

number 

of 

sample 

presenta

tions 

Diagnostic 

specificity 

 (Sp) 

Diagnostic 

sensitivity 

 (Se) 

Confidenc

e interval 

(95% CI) 

Sp 

Confidenc

e interval 

(95% CI) 

Se 

Positive 

predictive 

value 

(PPV) 

Negative 

predictive 

value 

(NPV) 

Confidence 

interval 

(95% CI) 

PPV 

Confidence 

interval 

(95% CI) 

NPV 

Accuracy 
Fisher's 

exact test  
positive negative 

Non-

inactivated 

sweat 

samples 

Dog 1 
Yes 10 0 

67 1 0.55556 0.9273–1 
0.33716–

0.7544 
1 0.85965 0.72247–1 

0.74676–

0.92713 
0.8806 <0.0001 

No 8 49 

Dog 2 
Yes 10 4 

57 0.91489 1 
0.80068–

0.96641 
0.72247–1 0.71429 1 

0.45351–

0.88279 
0.91799–1 0.92982 <0.0001 

No 0 43 

Dog 3 
Yes 10 5 

69 0.90909 0.71429 
0.80423–

0.96054 

0.45351–

0.88279 
0.66667 0.92593 

0.41714–

0.84824 

0.82446–

0.97082 
0.86957 <0.0001 

No 4 50 

Dog 4 
Yes 10 3 

62 0.94231 1 
0.84357–

0.98428 
0.72247–1 0.76923 1 

0.49744–

0.9182 
0.9273–1 0.95161 <0.0001 

No 0 49 

Dog 5 
Yes 10 7 

71 0.87719 0.71429 
0.76754–

0.93922 

0.45351–

0.88279 
0.58824 0.92593 

0.36005–

0.78389 

0.82446–

0.97082 
0.84507 <0.0001 

No 4 50 

Dog 6 
Yes 10 4 

65 0.92157 0.71429 
0.815–

0.96908 

0.45351–

0.88279 
0.71429 0.92157 

0.45351–

0.88279 

0.815–

0.96908 
0.87692 <0.0001 

No 4 47 

Dog 7 
Yes 10 1 

44 0.9697 0.90909 
0.84681–

0.99845 

0.62264–

0.99534 
0.90909 0.9697 

0.62264–

0.99534 

0.84681–

0.99845 
0.95455 <0.0001 

No 1 32 

Dog 8 
Yes 10 1 

56 0.97778 0.90909 
0.88433–

0.99886 

0.62264–

0.99534 
0.90909 0.97778 

0.62264–

0.99534 

0.88433–

0.99886 
0.96429 <0.0001 

No 1 44 

Dog 9 
Yes 10 1 

40 0.96552 0.90909 
0.82824–

0.99823 

0.62264–

0.99534 
0.90909 0.96552 

0.62264–

0.99534 

0.82824–

0.99823 
0.95 <0.0001 

No 1 28 

      
Median Sp Median Se 

95% CI of 

median 

 Sp 

95% CI of 

median 

 Se 

Median 

PPV 

Median 

NPV 

95% CI of 

median 

 PPV 

95% CI of 

median NPV 

Median 

accuracy 

95% CI of 

median 

accuracy       

      
0.94231 0.90909 

0.90909–

0.97778 
0.71429–1 0.76923 0.96552 

0.66667–

0.90909 
0.92157–1 0.92982 

0.86957–

0.95455       
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Session Dog 
Detecti

on 

SARS-CoV-2 

infection status 

Total 

number 

of 

sample 

presenta

tions 

Diagnostic 

specificity 

 (Sp) 

Diagnostic 

sensitivity 

 (Se) 

Confidenc

e interval 

(95% CI) 

Sp 

Confidenc

e interval 

(95% CI) 

Se 

Positive 

predictive 

value 

(PPV) 

Negative 

predictive 

value 

(NPV) 

Confidence 

interval 

(95% CI) 

PPV 

Confidence 

interval 

(95% CI) 

NPV 

Accuracy 
Fisher's 

exact test 
positive negative 

Non-

inactivated 

urine 

samples 

Dog 1 
Yes 10 1 

91 0.98592 0.5 
0.92444–

0.99928 

0.2993–

0.7007 
0.90909 0.875 

0.62264–

0.99534 

0.78497–

0.93066 
0.87912 <0.0001 

No 10 70 

Dog 2 
Yes 10 2 

50 0.94872 0.90909 
0.83114–

0.99089 

0.62264–

0.99534 
0.83333 0.97368 

0.55197–

0.97039 

0.86505–

0.99865 
0.94 <0.0001 

No 1 37 

Dog 3 
Yes 10 1 

63 0.98 0.76923 
0.89505–

0.99897 

0.49744–

0.9182 
0.90909 0.94231 

0.62264–

0.99534 

0.84357–

0.98428 
0.93651 <0.0001 

No 3 49 

Dog 4 
Yes 8 1 

72 0.98333 0.66667 
0.91145–

0.99915 

0.39062–

0.86188 
0.88889 0.93651 

0.565–

0.9943 

0.84781–

0.97503 
0.93056 <0.0001 

No 4 59 

Dog 5 
Yes 10 2 

49 0.94872 1 
0.83114–

0.99089 
0.72247–1 0.83333 1 

0.55197–

0.97039 
0.90594–1 0.95918 <0.0001 

No 0 37 

Dog 6 
Yes 10 2 

66 0.96429 1 
0.87881–

0.99365 
0.72247–1 0.83333 1 

0.55197–

0.97039 
0.93359–1 0.9697 <0.0001 

No 0 54 

Dog 7 
Yes 10 0 

41 1 0.90909 0.88649–1 
0.62264–

0.99534 
1 0.96774 0.72247–1 

0.83806–

0.99835 
0.97561 <0.0001 

No 1 30 

Dog 8 
Yes 10 0 

47 1 1 0.90594–1 0.72247–1 1 1 0.72247–1 0.90594–1 1 <0.0001 
No 0 37 

Dog 9 
Yes 10 0 

49 1 1 0.91033–1 0.72247–1 1 1 0.72247–1 0.91033–1 1 <0.0001 
No 0 39 

Dog 

10 

Yes 10 4 
66 0.92857 1 

0.83025–

0.97187 
0.72247–1 0.71429 1 

0.45351–

0.88279 
0.93121–1 0.93939 <0.0001  

No 0 52 

      
Median Sp Median Se 

95% CI of 

median 

 Sp 

95% CI of 

median 

 Se 

Median 

PPV 

Median 

NPV 

95% CI of 

median 

 PPV 

95% CI of 

median NPV 

Median 

accuracy 

95% CI of 

median 

accuracy       

      
0.98167 0.95455 0.94872–1 0.66667–1 0.89899 0.98684 0.83333–1 0.93651–1 0.94959 0.93056–1 
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Session Dog 
Detecti

on 

SARS-CoV-2 

infection status 

Total 

number 

of 

sample 

presenta

tions 

Diagnostic 

specificity 

 (Sp) 

Diagnostic 

sensitivity 

 (Se) 

Confidenc

e interval 

(95% CI) 

Sp 

Confidenc

e interval 

(95% CI) 

Se 

Positive 

predictive 

value 

(PPV) 

Negative 

predictive 

value 

(NPV) 

Confidence 

interval 

(95% CI) 

PPV 

Confidence 

interval 

(95% CI) 

NPV 

Accuracy 
Fisher's 

exact test 
positive negative 

Non-

inactivated 

saliva 

samples 

Dog 1 
Yes 19 1 

147 0.992 0.86364 
0.95608–

0.99959 

0.66665–

0.95251 
0.95 0.97638 

0.76387–

0.99744 

0.93285–

0.99356 
0.97279 <0.0001 

No 3 124 

Dog 2 
Yes 20 5 

128 0.95098 0.76923 
0.89034–

0.97888 

0.57948–

0.88966 
0.8 0.94175 

0.60869–

0.91139 

0.8787–

0.97303 
0.91406 <0.0001 

No 6 97 

Dog 3 
Yes 20 7 

173 0.95205 0.74074 
0.90435–

0.97658 

0.55321–

0.86830 
0.74074 0.95205 

0.55321–

0.8683 

0.90435–

0.97658 
0.91908 <0.0001 

No 7 139 

Dog 4 
Yes 20 4 

137 0.96522 0.90909 
0.91397–

0.98639 

0.72185–

0.98385 
0.83333 0.9823 

0.64147–

0.93321 

0.93776–

0.99686 
0.9562 <0.0001 

No 2 111 

Dog 5 
Yes 20 5 

120 0.94949 0.95238 
0.88717–

0.97824 

0.77331–

0.99756 
0.8 0.98947 

0.60869–

0.91139 

0.94276–

0.99946 
0.95 <0.0001 

No 1 94 

Dog 6 
Yes 20 4 

111 0.95506 0.90909 
0.89007–

0.98239 

0.72185–

0.98385 
0.83333 0.97701 

0.64147–

0.93321 

0.92001–

0.99592 
0.94595 <0.0001 

No 2 85 

Dog 7 
Yes 18 8 

163 0.94074 0.64286 
0.88742–

0.96967 

0.45830–

0.79294 
0.69231 0.92701 

0.50012–

0.83499 

0.87085–

0.95987 
0.88957 <0.0001 

No 10 127 

Dog 8 
Yes 20 6 

164 0.95556 0.68966 
0.90643–

0.97947 

0.50770–

0.82724 
0.76923 0.93478 

0.57948–

0.88966 

0.8807–

0.96531 
0.90854 <0.0001 

No 9 129 

Dog 9 
Yes 20 1 

112 0.98901 0.95238 
0.94035–

0.99944 

0.77331–

0.99756 
0.95238 0.98901 

0.77331–

0.99756 

0.94035–

0.99944 
0.98214 <0.0001 

No 1 90 

Dog 

10 

Yes 19 5 
191 0.96875 0.6129 

0.92894–

0.98658 

0.43824–

0.76267 
0.79167 0.92814 

0.5953–

0.90755 

0.87861–

0.95842 
0.91099 <0.0001 

No 12 155 

      
Median Sp Median Se 

95% CI of 

median 

 Sp 

95% CI of 

median 
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0.74074–

0.9 

0.92814–

0.98901 
0.93252 

0.90854–
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Figure 1. Median diagnostic specificity and sensitivity for all dogs for non-inactivated sweat 

(green triangle), urine (yellow square), and saliva (blue circle) samples, respectively. The 95% 

confidence intervals of the medians for specificity and sensitivity are shown with horizontal 

and vertical bars, respectively. 

 

During the presentation of 5308 randomised sample presentations, the overall success rate was 

92%  with 723 correct indications of positive, 4140 correct rejections of negative or distractors, 

214 incorrect indications of negative and incorrect rejections of 231 positive sample 

presentations (Table 2). 
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Table 2. Detection performance and success rates per session and dog 

Session Dog Detection 

SARS-CoV-2 

infection status 
Total number of 

right decisions 

Total number of 

sample 

presentations 

Success 

rate per 

dog positive negative 

Non-inactivated saliva samples (after 1 week 

of training with inactivated saliva samples) 

Dog 1 
Yes 15 5 

118 132 89% 
No 9 103 

Dog 2 
Yes 14 5 

89 95 94% 
No 1 75 

Dog 3 
Yes 16 5 

125 136 92% 
No 6 109 

Dog 4 
Yes 9 12 

64 79 81% 
No 3 55 

Dog 5 
Yes 16 3 

75 81 93% 
No 3 59 

Dog 6 
Yes 16 5 

99 107 93% 
No 3 83 

Dog 7 
Yes 20 0 

110 114 96% 
No 4 90 

Dog 8 
Yes 17 3 

89 92 97% 
No 0 72 

Dog 9 
Yes 17 4 

97 102 95% 
No 1 80 

Dog 10 
Yes 14 7 

113 129 88% 
No 9 99 

All dogs 
Yes 154 49 

979 1067 92% 
No 39 825 
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Session Dog Detection 

SARS-CoV-2 

infection status 
Total number of 

right decisions 

Total number of 

sample 

presentations 

Success 

rate per 

dog positive negative 

Non-inactivated saliva, urine and sweat 

samples  

Dog 1 
Yes 18 7 

174 191 91% 
No 10 156 

Dog 2 
Yes 18 19 

161 186 87% 
No 6 143 

Dog 3 
Yes 20 6 

135 150 90% 
No 9 115 

Dog 4 
Yes 18 12 

169 197 86% 
No 16 151 

Dog 5 
Yes 17 15 

164 195 84% 
No 16 147 

Dog 6 
Yes 19 6 

117 127 92% 
No 4 98 

Dog 7 
Yes 19 1 

201 223 90% 
No 21 182 

Dog 8 
Yes 20 1 

112 115 97% 
No 2 92 

Dog 9 
Yes 18 5 

136 147 93% 
No 6 118 

Dog 10 
Yes 18 8 

124 139 89% 
No 7 106 

All dogs 
Yes 185 80 

1493 1670 89% 
No 97 1308 
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Session Dog Detection 

SARS-CoV-2 

infection status 
Total number of 

right decisions 

Total number of 

sample 

presentations 

Success 

rate per 

dog positive negative 

Non-inactivated sweat samples 

Dog 1 
Yes 10 0 

59 67 88% 
No 8 49 

Dog 2 
Yes 10 4 

53 57 93% 
No 0 43 

Dog 3 
Yes 10 5 

60 69 87% 
No 4 50 

Dog 4 
Yes 10 3 

59 62 95% 
No 0 49 

Dog 5 
Yes 10 7 

60 71 85% 
No 4 50 

Dog 6 
Yes 10 4 

57 65 88% 
No 4 47 

Dog 7 
Yes 10 1 

42 44 95% 
No 1 32 

Dog 8 
Yes 10 1 

54 56 96% 
No 1 44 

Dog 9 
Yes 10 1 

38 40 95% 
No 1 28 

All dogs 
Yes 90 26 

482 531 91% 
No 23 392 
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Session 

 

Dog Detection 

SARS-CoV-2 

infection status Total number of 

right decisions 

Total number of 

sample 

presentations 

Success 

rate per 

dog positive negative 

Non-inactivated urine samples 

Dog 1 
Yes 10 1 

80 91 88% 
No 10 70 

Dog 2 
Yes 10 2 

47 50 94% 
No 1 37 

Dog 3 
Yes 10 1 

59 63 94% 
No 3 49 

Dog 4 
Yes 8 1 

67 72 93% 
No 4 59 

Dog 5 
Yes 10 2 

47 49 96% 
No 0 37 

Dog 6 
Yes 10 2 

64 66 97% 
No 0 54 

Dog 7 
Yes 10 0 

40 41 98% 
No 1 30 

Dog 8 
Yes 10 0 

47 47 100% 
No 0 37 

Dog 9 
Yes 10 0 

49 49 100% 
No 0 39 

Dog 10 
Yes 10 4 

62 66 94% 
No 0 52 

All dogs 
Yes 98 13 

562 594 95% 
No 19 464 
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Session Dog Detection 

SARS-CoV-2 

infection status 
Total number of 

right decisions 

Total number of 

sample 

presentations 

Success 

rate per 

dog positive negative 

Non-inactivated saliva samples 

Dog 1 
Yes 19 1 

143 147 97% 

No 3 124 

Dog 2 
Yes 20 5 

117 128 91% 
No 6 97 

Dog 3 
Yes 20 7 

159 173 92% 
No 7 139 

Dog 4 
Yes 20 4 

131 137 96% 
No 2 111 

Dog 5 
Yes 20 5 

114 120 95% 
No 1 94 

Dog 6 
Yes 20 4 

105 111 95% 
No 2 85 

Dog 7 
Yes 18 8 

145 163 89% 
No 10 127 

Dog 8 
Yes 20 6 

149 164 91% 
No 9 129 

Dog 9 
Yes 20 1 

110 112 98% 
No 1 90 

Dog 10 
Yes 19 5 

174 191 91% 
No 12 155 

All dogs 
Yes 196 46 

1347 1446 93% 
No 53 1151 
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Session Dog Detection 

SARS-CoV-2 

infection status Total number of 

right decisions 

Total number of 

sample 

presentations 

Success 

rate per 

dog positive negative 

All sessions 

Dog 1 
Yes 72 14 

574 628 91% 
No 40 502 

Dog 2 
Yes 72 35 

467 516 91% 
No 14 395 

Dog 3 
Yes 76 24 

538 591 91% 
No 29 462 

Dog 4 
Yes 65 32 

490 547 90% 
No 25 425 

Dog 5 
Yes 73 32 

460 516 89% 
No 24 387 

Dog 6 
Yes 75 21 

442 476 93% 
No 13 367 

Dog 7 
Yes 77 10 

538 585 92% 
No 37 461 

Dog 8 
Yes 77 11 

451 474 95% 
No 12 374 

Dog 9 
Yes 75 11 

430 450 96% 
No 9 355 

Dog 10 
Yes 61 24 

473 525 90% 
No 28 412 

All dogs 
Yes 723 214 

4863 5308 92% 
No 231 4140 
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From 93 subjects in total, 46 were tested SARS-CoV-2 positive and 47 were tested SARS-CoV-

2 negative via RT-PCR of nasopharyngeal swabs.  The RT-PCR results of the sample material 

(saliva, sweat, urine) from participants with a diagnosed SARS-CoV-2 infection via 

nasopharyngeal swab and RT-PCR were only positive in twelve cases. The time interval 

between RT-PCR of the nasopharyngeal swab sample and RT-PCR of the sample material from 

the same individual ranged from two to five months, prior to which the sample material was 

stored and frozen at -80°C. Nasopharyngeal swabs from each dog, as well as from the outside 

of the membranes taken after each day of testing were all negative.  

 

Discussion 

 

Rapid, affordable and accurate identification of SARS-CoV-2 infected individuals remains 

pivotal not only for limiting the spread of the current pandemic, but also for providing a tool to 

limit the impact on public health and the economy. Data from the current scent dog detection 

study confirm our former pilot study (sensitivity 84% versus 83% and specifity 95% versus 

96%, respectively). In the current study, dogs were after only eight days of training not only 

able to immediately transfer their scent detection abilities from inactivated to non-inactivated 

saliva samples, but also to sweat and urine, with urine having the highest sensitivity of 95% and 

specificity of 98%. These results suggest a general, non-cell specific, robust VOC-pattern 

generation in SARS-CoV-2 infected individuals and provide further evidence that detection 

dogs could provide a reliable screening method providing immediate results.  

In the former pilot study from our group [22], only BPL-inactivated samples of COVID-19 

patients and controls were used. The first step in the current trial was therefore to evaluate if 

dogs can transfer scent recognition to non-inactivated saliva samples, even when trained only 

with inactivated samples. The inactivation process with BPL did not impair the SARS-CoV-2-

associated scent of the samples, as dogs were able to discriminate with a similar accuracy 

between inactivated and non-inactivated saliva samples from SARS-CoV-2 infected individuals 

and controls. This has implications for the training of dogs, as the health and safety measures 

other groups had to follow when using non-inactivated samples can be overcome by using BPL-

inactivation. Data from the current study indicate that dogs can familiarise to a training device 

and be safely trained within little more than a week by using inactivated saliva samples from 

SARS-CoV-2 positive individuals and controls and become reliable SARS-CoV-2 detection 

dogs for untreated samples. Furthermore, the safety of working with the TADD-glasses was 
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also confirmed by negative PCR results of the samples attained (canine nasopharynx and outer 

TADD-glass-membrane). 

In a second step, untreated saliva, sweat and urine samples were presented to the dogs separately 

to evaluate if they can transfer scent recognition from saliva to other untreated body fluids. The 

detection rate for this experiment was also high, especially considering the dogs having not 

been trained with sweat or urine samples before. In order to eliminate the risk of recognizing 

an individual odour from a specific subject, samples used were different for each session.  

The sample material of the individuals with positive SARS-CoV-2 status (nasopharyngeal swab 

tested positive via RT-PCR) was predominantly RT-PCR negative which could mean that dogs 

are able to detect the changes in metabolism of non-infectious secretions of SARS-CoV-2 

infected individuals. This could explain some of the anecdotal reports from the scent detection 

work at Helsinki airport that dogs were able to detect asymptomatic SARS-CoV-2 infected 

individuals prior of them shedding virus. On the other hand, it is also possible that viral RNA 

has already degraded due to the storage process and is therefore no longer detectable via RT-

PCR.  

The fact that dogs were able to discriminate successfully between positive, negative samples 

and distractors represents evidence of a successful discrimination process, whereas the  

detection ability across three bodyfluids from 93 different individuals indicates a successful 

generalisation process. The study involves repeated measures since the same samples could be 

detected more than once in the same session. In any case, in the double-blind study, per 

detection cycle, dogs were confronted with samples they did not scent before and all negative 

and positive samples came from new and different patients.  

Comparable to the current study, the prevalence in our pilot study was 18.5%. Furthermore, 

sensitivity and specificity were reproducible which was one of our goals. The high prevalence 

is due to the fact that always only one positive sample was presented next to several negative 

samples. It is important to note that prevalence is subject to dynamic processes and can impact 

predictive values of any screening method of a pandemic disease. Since the prevalence in our 

test paradigm is higher than in the current pandemic situation, with a growing number of people 

getting vaccinated, the real positive predictive values would be lower when sensitivity and 

specificity of dogs remain unchanged. In any case, a lower prevalence should not impact the 

performance of the dogs themselves, especially in the testing setting that we conducted, being 

rewarded with food for correct decisions. Level of frustration not finding a positive sample 

might increase when the prevalence falls below a certain threshold. Certainly, this ‘threshold 

of frustration’ depends on study design and mainly on personal traits of the dogs and training 
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experience. However, the empty runs (presentation of only negative samples but no target scent) 

we used in training did not lead to excessive frustration in any of the dogs. 

Several research groups that also trained SARS-CoV-2 sniffer dogs achieved good results, 

which support this work and consolidate the reliability of the canines’ olfactory sense for 

medical purposes. Grandjean et al. (2020) trained six dogs in 1 to 2 weeks using sweat samples 

and achieved success rates between 76 to 100% [20]. In addition to their work, where only 

sweat samples from hospitalised patients were used, the current study suggests that also 

asymptomatic SARS-CoV-2 infected individuals can be detected by the dogs. Our dogs were 

able to identify different COVID-19 disease phenotypes and phases of disease expression (sore 

throat, cough, cold, headache and aching limbs, fever, loss of smell and taste and/or severe 

pneumonia). Other scent dog detection studies, conducted by Vesga et al. (2020) and Eskandari 

et al. (2021) achieved promising results (Vesga et al.: 95.5% average sensitivity and 99.6% 

specificity; Eskandari et al.: 86% sensitivity and 93% specificity, respectively ) and also 

planned real-life experiments [21, 27]. These studies support the evidence of canines offering 

a reliable screening method for SARS-CoV-2 infections. Future studies are important to address 

some remaining limitations such as the low number of distractor samples with specified 

pathogens (differentiation to other lung diseases or pathogens such as infections with other 

seasonal respiratory viruses, like influenza viruses, rhinoviruses, respiratory syncytial virus, 

human metapneumovirus, adenovirus, and coronaviruses other than SARS-CoV-2). This was 

however not within the scope of the current study. The laboratory identification of the specific 

VOC pattern is still in its infancy, but some current studies showed SARS-CoV-2 specific 

biomarkers in breath samples detectable by gas chromatography-ion mobility spectrometry [28, 

29], which also support our hypothesis. Scent dogs should be considered an addition to the gold 

standard RT-PCR, for rapid testing in situations where great numbers of people from different 

origins come together. The accuracies may be increased by extending the training phase and 

selecting individual dogs with better scent detection accuracy. Dogs could also be trained to 

work directly on humans, but several factors need to be considered. People can be afraid of 

dogs, have strong allergies or be simply uncomfortable within the proximity of a dog. In 

addition, some infected individuals may feel stigmatized by being positively indicated by a dog. 

Therefore, the authors suggest a test scenario under real conditions as follows: Individuals to 

be tested should line up and swipe a cotton swab over the crook of their arm or neck. In the next 

step they present it to the dog through an opening in a partition wall which seperates the person 

to be tested from dogs as well as other individuals. 
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To date, there are very few reports of SARS-CoV-2 infections in dogs. Some studies confirm a 

limited susceptibility of the dog to this virus [30]. According to current data, SARS-CoV-2 

could be detected in dogs via RT-PCR but seroconversion and mild clinical signs were also 

reported. However, serology in the canine population shows a very low prevalence [31].  

Experimentally infected dogs neither shed nor spread the virus indicating no evidence regarding 

dog-to-human or dog-to-dog transmission [31]. Overall, these facts imply a low infection risk 

for working dogs.  

As with any testing scenario, human and in this case dog daily performance could vary. This 

also applies to the  most accurate diagnostic performance of the gold standard RT-PCR that can 

only be achieved under ideal conditions, which does not always reflects the real life situation. 

Peer reviewed and preliminary systematic reviews indicate PCR sensitivities ranging from 71 

to 100% implying false negative results ranging up to 29% under real-life conditions [32, 33].  

In order to generate rapid test results, a large number of over-the-counter rapid antigen tests are 

currently used. Test results are generated within about 15 minutes. According to the 

manufacturers, the tests approved in Germany have diagnostic sensitivities between 91 and 98% 

and specificities between 98 and 100%  [34]. However, the diagnostic accuracy under real-life 

conditions is estimated to be much lower (pre-prints [35, 36]). A systematic review by Dinnes 

et al. (2021) evaluated the diagnostic accuracy of point‐of‐care antigen and molecular‐based 

tests for SARS‐CoV‐2 infections and found sensitivities between 34.1 and 88.1 % as well as an 

average specificity of about 99.6 % [37]. The Paul Ehrlich Institute (Langen, Germany) 

specified minimum criteria for approved rapid antigen test for SARS-CoV-2 infections. They 

require a diagnostic sensitivity of above 80% and specificity above 97%  [38]. The scent dog 

method would meet these criteria. The purpose of validation of our screening method as a 

diagnostic test is out of the scope of the current study. The deployment of dogs as a real scenario 

SARS-CoV-2 screening method is just being implemented in some public facilities in different 

countries [39]. First reports are promising, however, further studies have to be implemented in 

order to validate dogs' scent recognition capabilities as diagnostic tool for detection of SARS-

CoV-2 infections. 

 

Conclusions 

 

Detection dogs were able to transfer the conditioned scent of BPL-inactivated saliva samples 

to non-inactivated saliva, urine and sweat samples, with a sensitivity >80% and specifity >94%. 

All three fluids were equally suited for SARS-CoV-2 detection by dogs and could be used for 
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disease specific VOC-pattern recognition. Detection dogs may provide a reliable screening 

method for SARS-CoV-2 infections in various settings to generate immediate results that can 

be verified by the gold standard (RT-PCR). Further work, especially under real-life conditions 

in settings where many individuals have to be screened is needed to fully evaluate the potential 

of the dog detection method. 
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GENERAL DISCUSSION 

 

To achieve the main objectives of this thesis, studies were conducted to evaluate the detection 

ability of trained dogs in sample material acquired from SARS-CoV-2 infected individuals 

compared to sample material from healthy individuals tested negative for SARS-CoV-2 or 

distractors suffering from a respiratory disease other than COVID-19. The current SARS-CoV-

2 pandemic created our desire to contribute to the containment of the virus by developing a new 

effective and affordable screening method using dogs. Therefore, various studies were 

conducted. 

 

In the first part of this research project, the hypothesis of a SARS-CoV-2 associated odour 

detectable for dogs could be proven. Detection dogs were able to discriminate respiratory 

secretions (saliva as well as tracheobronchial secretion) of SARS-CoV-2 infected individuals 

from those of healthy controls with high diagnostic accuracies (sensitivity of 83%, specificity 

of 96%) besides an average detection rate of 94% after a training phase of about one week. The 

variation of the specificity that occurred between the dogs as well as the same dog in different 

detection sessions may be partly explained by the variable training background, signalment, 

character traits and short training period. Other challenges that had to be overcome were as 

follows: 

In order to exclude any influence on the dog by the handler or the trainer, a machine (Detection 

Dog Training System (DDTS, Kynoscience UG, Germany)) was used, with which the dogs 

could work independently without any influence of the handler after a training phase. Because 

of initial difficulties with sample collection in Germany, we had to rely exclusively on samples 

from hospitals for the first part of the project. The safety of the dogs and persons was ensured 

by inactivating the samples with beta-propiolactone (BPL) in the laboratory for the first part. 

This study provided the very first steps towards our aim of a new screening method. Limitations 

were the collection of a small specimen number only from hospitalised COVID-19 patients 

although the main causes of viral spreading were asymptomatic or pre-symptomatic infected 

individuals. Because of the collection difficulties, the study included only severe infection 

courses but should have included all stages and phenotypes of infection. Furthermore, 

differentiation to other respiratory diseases or pathogens such as infections with other seasonal 

respiratory virus infections, e.g. influenza, respiratory syncitial virus, adenovirus, other than 

SARS-CoV-2 coronaviruses, or rhinovirus was missing in this study which leads to the result 
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that this study should be considered as a preliminary but promising pilot study.The main 

objective of the pilot study was to determine whether dogs could be successfully conditioned 

to an odour associated with SARS-CoV-2 infections. Since biomedical detection dogs existed, 

but the training of detection dogs for infectious disease detection was still in its infancy, the 

question of an infection-specific odour detectable by dogs had to be addressed first and 

foremost. The question of feasibility was successfully answered and this first study laid the 

foundation for the following work with SARS-CoV-2 detection dogs. 

 

In the second part of the project, the hypothesis that dogs have the ability to transfer the 

conditioned odour of BPL-inactivated saliva samples to non-inactivated (potentially infectious) 

saliva samples, as well as to non-inactivated sweat and urine samples with a sensitivity of over 

80% and a specificity of over 94%, respectively, was confirmed. All three body fluids (saliva, 

urine, sweat) appeared well and equally suited for a SARS-CoV-2 screening method provided 

by detection dogs. This scent cognitive performance of the dogs provides strong evidence for 

global SARS-CoV-2-specific VOC-patterns in the sample material. Some limitations of the first 

pilot study could be eliminated. The conditioned odour was independent of the symptomatology 

or rather disease phenotype (asymptomatic, mild or severe course of disease) of the infected 

individuals. The fact that samples from hospitalised as well as non-hospitalised individuals 

suffering from various courses of infection were utilised, and the dogs reliably recognised all 

of them equally, indicated evidence that the conditioned odour was not body fluid-specific and 

symptom independent. The training setup was the same as in the pilot study but most of the 

dogs were exchanged, i.e. the pilot study could be reproduced, extended and some limitations 

could be eliminated. The number of specimens was also increased tremendously in the second 

study, so that more sample presentations with samples unknown to the dogs could be used. One 

of the major challenges in this part of the project was to ensure safety for dogs and humans 

despite working with infectious sample material. For this purpose, sample presentation was 

conducted in glasses which contained membranes impermeable to viral material and were 

specifically designed for detection dog training. In addition, the study was conducted in a 

biosafety level 2 laboratory and extensive decontamination procedures were performed 

following each training and testing session. PCR testing of canine nasal and outer membrane 

swabs after each day of training all yielded negative results, confirming safety. 

 

Of course, various studies pursuing the aim of developing a SARS-CoV-2 screening method 

using detection dogs have been performed and achieved similar results. According to the World 
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Health Organization (WHO), various countries, including France, Ireland, Colombia, United 

Arab Emirates, United Kingdom, Brazil, Chile, Argentina, Australia, Lebanon, Finland, 

Belgium and the USA followed the One World – One Health approach and trained SARS-CoV-

2 detection dogs (World Health Organization R&D Blueprint COVID-19 Consultation, 2021; 

Grandjean et al., 2020; Grandjean et al., 2021; Vesga et al., 2020; Sarkis et al., 2021; Essler et 

al., 2021; Eskandari et al., 2021; Mendel et al., 2021; Guest et al., 2021; Hag-Ali et al., 2021). 

 

The study design of the different working groups showed some similarities but also major 

differences. 

 

What they all had in common was any kind of blinding (at least single-blind), the training based 

on positive reinforcement and, for the most part, the dog breeds used, such as Belgian Malinois, 

Labrador Retriever, German and/or Dutch Shepherd. Another common feature of all groups is 

a precise sampling method that avoids contamination of the sample material with unwanted 

secondary odours as much as possible. For this purpose, the samples were stored in special 

containers that did not allow odour contamination of the sample material and were handled with 

surgical gloves. Differences regarding sample handling, storage, and the blinding process were 

discussed below. Due to the dog's extremely sensitive olfactory sense, the smallest 

contamination of the odour to be conditioned may result in failure of the desired conditioning 

(Goss, 2019). The status of the samples (SARS-CoV-2 positive or negative) was determined in 

each study by RT-PCR testing. In one study, it occurred that very reliable dogs made false 

positive decisions and the individuals from whom the associated samples originated from were 

retested for SARS-CoV-2 infection. The test result via RT-PCR yielded positive, indicating a 

higher sensitivity of the dogs than the gold standard in individual cases and the ability of dogs 

to detect infections prior to viral shedding (Sarkis et al., 2021). This observation makes one 

aware of another problem in evaluating the diagnostic accuracies of the dogs, because once the 

dogs indicate infections sooner than RT-PCR as the gold standard, there is no possibility to 

verify the dogs' result. This once again highlights the need for a test method providing higher 

diagnostic accuracy. Real sensitivities of RT-PCR with a range of 71-100% are just as 

insufficient for successful containment of the pandemic as the sensitivities of rapid antigen tests 

with values between 34% and 88% (Woloshin, 2020; Cohen and Kessel, 2020). 

 

The studies differed, on the one hand, in the handling as well as storage of samples, the extent 

and mode of sample presentations, absolute number of different samples and sample material. 
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Concerning dog training and test setup, differences appeared as follows. Although the training 

was based on positive reinforcement in each research group, the setup and arrangement of the 

sample containers varied. Contrary to our approach using the DDTS, in most studies, a line-up 

of sample containers was provided for the dogs to search in turn (Sarkis et al., 2021; Guest et 

al., 2021; Hag-Ali et al., 2021; Grandjean et al., 2020; Grandjean et al., 2021). Eskandari et al. 

(2021), Essler et al. (2021), and Mendel et al. (2021) used scent wheels for sample presentation 

whereas Vesga et al. (2020) presented samples in an open field arrangement. Advantages of the 

DDTS in contrast to other setups were the independent work of the dog without any influence 

by the handler, automatic, randomised presentation of several samples, safe sample presentation 

as well as precise automatic reward using positive reinforcement. In addition, the automatic and  

objective recording of the dogs' reactions to each sample facilitated the exact evaluation of the 

data. Line-ups and scent wheels are commonly used in detection dog training but have some 

disadvantages, e.g. the greater risk of handler bias (Johnen et al., 2017), a problematic reward 

method due to the blinding process of the studies, and time-consuming, potentially subjective 

evaluation of manually recorded data. Moreover, the forced choice paradigm, which is almost 

exclusively applied in the studies, has nothing in common with the situation in the real 

deployment of the dogs and is therefore only conditionally suitable for the training of detection 

dogs. We also used this method at the beginning of the training, but have switched to regularly 

incorporating blank trials so that the dogs do not always expect a positive trial, similar to the 

real situation. 

With regard to the blinding status, the studies also show major differences. Especially in studies 

with such sensitive creatures as dogs, the double-blind method should be used for studies in 

order to avoid any influence of the persons involved on the dogs and a resulting falsification of 

the study outcome. Failure to use the double-blind method may partially limit the significance 

of the study due to potential external influence on dogs’ decisions. For example, Eskandari et 

al. (2021) states that only single-blind trials were performed. Grandjean et al. (2021) did not 

completely meet the double-blind criterion. Although the dog, owner and data collector were 

blinded to the position of the samples in this study, the person responsible for placing the 

samples remained in the room during the sessions and thus, despite the lack of visual contact, 

an influence on the dog could not be excluded. Vesga et al. (2020) conducted a non-blinded 

training phase and blinded only the trainers during the testing phase which means, the double-

blind criterion was not met here either. Hag-Ali et al. (2021) and Eskandari et al. (2021) used 

single- as well as double-blind experiments. While Essler et al. (2021) also used a double-blind 

experiment besides not blinded trials, in our studies (Jendrny et al., 2020; Jendrny et al., 2021), 
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the double-blind criterion was always met during the testing phase. The dog handler and the 

person operating the DDTS were behind a screen while the dog was searching the device so 

any bias on the dog was excluded. Grandjean et al. (2020) also used double-blind experiments 

by excluding visual contact between data collector and dog handler and dog, respectively. Guest 

et al. (2021) also states the warranty of the double-blind criterion. As well as Mendel et al. 

(2021), Sarkis et al. (2021) also ensured the double-blind criterion by blinding dog and handler 

but did not specify the setup to ensure the blinding and it was not mentioned if a data collector 

knowing the sample positions attended the testing room. The results of the studies that were not 

conducted as double-blind experiments must be assessed with caution, as an influence on canine 

decisions cannot be ruled out, thus the results could possibly have been distorted.  

As mentioned above, due to the sensitivity of canine olfaction, both the handling and the 

packaging of the sample material may have a great influence on its use as a scent sample for 

the training of sniffer dogs. Regarding sample material, handling, storage, and presentation to 

the dogs, the different groups proceeded as follows: For the study conducted by Grandjean et 

al. (2020), axillary sweat samples were collected by doctors, interns or nurses, with helpers 

wearing surgical gloves using sterile gauze swabs and inert polymer tubes. In the hospital as 

the place of sample acquisition, samples were stored in anti-UV sterile containers in second 

plastic envelope at constant temperature (+18˚C in Alfort and +6˚C in Beirut) as well as 

humidity of 45%. Mendel et al. (2021) collected discarded masks worn for at least 30 min but 

did not provide information on handling details. They stored the collected samples in a 

biohazard and an aluminium bag after acquisition until UV-inactivation. The aluminium should 

prevent any odour contamination of the samples. After inactivation, the samples were allowed 

to sit for at least 24 hours to ensure safety. The exact environmental conditions of the sample 

storage (temperature, humidity, etc.) were also not specified. For sample presentation, 

Controlled Odor Mimic Permeation System was used providing odour delivery at a measurable 

and reproducible rate. After inactivation (and dilution of saliva samples), Essler et al. (2021) 

stored the sample material at -20°C until aliquoting into TADD-glasses. The conditions directly 

after sampling and after aliquoting were also not specified. The urine collection was conducted 

via clean catch into sterile sample cups provided by nurses during routine clinical care. Saliva 

was acquired using cotton balls or by individuals spit into a sterile vessel. Guest et al. (2021) 

also stored the samples (face masks and nylon socks) frozen at -20°C in aluminium foil and 

polythene bags after acquisition but did not provide further information on sample handling. 

Grandjean et al. (2021) used axillary sweat collected by doctors and nurses in inert polymers 

tubes stored in tinted glass jars and biohazard bags always handled with disposable surgical 
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gloves. This group as well as Vesga et al. (2020) state that the samples were stored in boxes in 

the refrigerator at 4°C. For sample presentation to the dogs, Vesga et al. (2020) devised a safe 

device for infectious respiratory secretions in a sealed flask to prevent people or dogs from 

infection. No further information on sample handling was provided. Sarkis et al. (2021) also 

acquired axillary sweat samples on sterile gauze swabs by a medical doctor, helped by an 

assistant. Samples were always handled with surgical gloves and put into sterile containers and 

second plastic envelope to be stored at a constant temperature of +6°C and constant hygrometry. 

While Eskandari et al. (2021) states that sample collection was performed by healthcare 

professionals or participants under nurse’s supervision wearing personal protective equipment 

to prevent odour contamination, transportation was conducted in medical coolers with ice packs 

and storage took place in the fridge until usage on the same day, Hag-Ali et al. (2021) 

transported axillary sweat samples which were collected using sterile gauze pads in medical 

coolers with ice packs after acquisition. Moreover, samples were stored in the refrigerator and 

mostly used the same day or the day after. Samples were presented to the dogs via metal cones 

in this experiment. We ourselves transported the double-wrapped samples in polystyrene boxes 

with cold packs from the place of collection to the place of use and stored the sample material 

at -80°C until use. We also wrapped the individual samples in their plastic vessels with 

aluminium foil to exclude any odour contamination from the outside. The samples were always 

handled with surgical gloves and the prevention of odour contamination had the highest priority. 

A consideration regarding multiple sample usage was how often a sample can be used without 

problems such as loss of odour or the like. We used one and the same sample on a maximum 

of two to three different training days, but so far no studies on the durability of the odour 

samples exist. Furthermore, there are also no studies on the required conditions for storage to 

ensure durability of the odour samples. All information and procedures of the different groups 

were based on their own experiences. In case of multiple use of a sample, it was also stored at 

-80°C between uses (Jendrny et al., 2020; Jendrny et al., 2021). Other groups using multiple 

usage did not provide information on the exact number of sample uses and the storage or 

handling in between.  

The various sample materials also differ in the ease of collection, VOCs contained and 

infectivity, e.g. sweat or urine samples seem to be less infectious than saliva (Fathizadeh et al., 

2020; Wang et al., 2020). Our own canine experience has shown that sensitivity and specificity 

of each dog appeared slightly different for each presented sample, but fairly similar overall for 

each bodyfluid (Jendrny et al., 2021). The reason for this could be the fact that not every dog 

learned the same VOC-pattern as being positive but slightly different ones.  
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As we were only able to obtain and thus use a very limited number of different samples in our 

first study due to great difficulties in obtaining them, some repeated sample presentations were 

used with the risk of negatively influencing the generalisation process and instead promoting 

the dogs' ability to discriminate excessively. In detection dog training, it is particularly 

important to pay equal attention to generalisation and discrimination. Generalisation means that 

after successful training, the dog also reacts to new, unknown stimuli that have similar odour 

properties to the training odour, whereas discrimination means the ability to distinguish 

between similar stimuli (Lazarowski et al., 2015). Without successful generalisation by the 

dogs, they would memorise the individual odours of the training samples individually and 

would have great difficulty recognising new samples as positive or negative. Generalisation 

involves the dog learning to recognise a specific odour (in this case, induced by SARS-CoV-2 

infection) alongside quite a few co-odours (e.g., individual human odours) in many different 

samples (Lazarowski et al., 2015). In our studies, a successful generalisation process was 

always demonstrated, as the dogs achieved high diagnostic accuracy when presented with 

unknown samples of the same as well as even different sample material. A lack of 

discrimination would mean that the dogs would not only indicate the specific disease they were 

trained for, but also indicate similar odours, e.g. respiratory diseases other than COVID-19, 

which would preclude the dog’s use as a reliable screening method. Another group could not 

achieve generalisation by the dogs. Essler et al. (2021) trained detection dogs with a limited set 

of different samples. It was suggested that too many runs using samples known to the dogs led 

to strong discrimination by the dogs and lack of generalisation. Our training protocol also 

included repeated use of samples known to the dogs, but a problem regarding generalisation 

did not occur. This could be explained by the fact that samples already known to the dogs were 

not used exclusively, but at least one unknown sample (negative as well as positive) was 

introduced on every training day. This approach trained the dogs' discrimination as well as 

generalisation skills. In order to avoid a discrimination overhang, samples of different origins 

should be used, e.g. sample material from different hospitals as well as from many different 

private persons of different ages, stages of disease and environmental influences. Successful 

generalisation can be achieved when the dogs are exposed to a variety of background odours in 

sample material but the specific target odour is the same. Interestingly, our dogs trained with 

saliva samples were also able to detect samples of infected individuals in sweat and urine 

without further training which is indicative for a successful generalisation process (Jendrny et 

al., 2021). The desired discrimination includes the distinction of the dogs between positive 

samples, negative samples and distractor samples and the reliable indication of only positive 
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samples (Lazarowski et al., 2015). We were able to prevent excessive discrimination of dogs 

between individual samples, i.e., dogs learning the individual odours of different individuals, 

by using samples from many different participants. Due to the dogs' outstanding learning 

ability, the dogs might have learned the individual odour of the sample after a single exposure, 

which they then recognise each time it is presented again. However, to minimise this risk, new 

unknown samples (both negative and positive) were added to the known sample repertoire on 

each training day. The dogs showed no significant difficulty in recognising these samples 

indicating successful generalisation. In the second part of our project, the absolute number of 

samples could be increased to 93 samples and the amount of sample presentations to 5 308. The 

amount of sample presentations per type of sample material in the various studies ranged from 

80 (Eskandari et al., 2021) to 9 200 (Vesga et al., 2020). Repeated sample presentations could 

not be completely eliminated due to the usage of the DDTS. Other groups also included repeated 

sample presentations, e.g. Grandjean et al. (2020) and Essler et al. (2021). Sample material 

varied from saliva, tracheobronchial secretion, urine, and sweat to breath samples (worn face 

masks) and nylon socks. 

Furthermore, some studies exclusively utilised samples collected from hospitalised patients as 

we also did in the pilot study (Grandjean et al., 2020; Essler et al., 2021; Grandjean et al., 2021; 

Eskandari et al., 2021; Mendel et al., 2021; Sarkis et al., 2021). There is a risk of change in the 

VOC pattern due to severe courses of disease and medication these subjects receive in hospitals. 

In addition, the dogs could be inadvertently conditioned to a hospital-specific odour rather than 

a SARS-CoV-2 associated odour. At least the risk of the hospital-specific odour can be 

eliminated by acquiring negative controls at that hospital as well. To avoid the accidental 

conditioning of the dogs on a hospital-specific odour instead of a SARS-CoV-2 specific odour, 

samples were acquired from two different hospitals in our pilot study. But according to our 

second study, the SARS-CoV-2 specific odour detectable by dogs is probably symptom-

independent and therefore, apart from the hospital-specific odours, there is no difference 

whether or what symptoms the participant was suffering from at the time of sampling. 

The range of ages and ethnicities of the study participants also differed in the different sniffer  

dog studies. Most studies included only adults, whereas Essler et al. (2021) also included 

children from the age of four years, as they also play a role in the general infection process. 

Only Guest et al. (2021) took into account different ethnicities of the volunteers, but did not 

find any differences between those.  

Some researchers defined cold symptoms as an exclusion criterion (Grandjean et al., 2020) or 

exclusively used negative control samples from healthy, SARS-CoV-2 negative participants 
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(Vesga et al., 2020; Eskandari et al., 2021; Sarkis et al., 2021). In order to train reliable SARS-

CoV-2 detection dogs and to ensure reliable discrimination of SARS-CoV-2 infections in 

contrast to other cold infections by the dogs, sample material from SARS-CoV-2 negative 

individuals with cold symptoms or other respiratory tract infections needs to be evaluated as 

well. Furthermore, most of the study designs did not include testing of the sample material for 

other human coronaviruses such as 229E, NL63, OC43 or HKU1 and therefore could not 

provide information on possible cross detection. In order to avoid potential cross detection of 

human coronaviruses other than SARS-CoV-2, the dogs should also be presented with sample 

material from such infections and, in the event of uncertainty among the dogs or frequent false 

positive indications, trained that indicating these samples will not lead to success. In addition, 

it would be useful to evaluate the diagnostic accuracy of the dogs for the different virus variants 

(variants of concern) such as B.1.1.7 (alpha), B.1.617.2 (delta), B.1.351 (beta) and P.1 (gamma) 

before real deployment to verify whether they are reliably detected as positive or whether 

retraining with variants is necessary. Guest et al. (2021) did not find significantly lower 

sensitivities in samples containing the alpha variant of the virus. 

Human and animal health had the highest priority for us. The knowledge about the role of the 

dog in the infection process is not yet clear. Some studies state existing susceptibility of dogs 

for SARS-CoV-2 (Sit et al., 2020), others confirm limited susceptibility and low prevalence in 

dogs (Hobbs and Reid, 2020). Opriessnig and Huang (2021) found neither viral shedding nor 

viral spreading of experimentally infected dogs to other dogs or even humans, indicating a low 

infection risk of working detection dogs. In order to exclude any risk of infection for the dogs 

and due to different viral loads in various sample materials (Pan et al., 2020), the samples were 

inactivated for some of the studies. Essler et al. (2021) used both NP-40 (Thermo ScientificTM 

NonidetTM P40 Substitute) detergent and heat inactivation, Mendel et al. (2021) used UV 

inactivation, Vesga et al. (2020) also partially inactivated the sample material used and in our 

pilot study, the samples were inactivated via beta propiolactone before usage. Guest et al. 

(2021) refers to inactivation of the sample material as a limitation because of a potential change 

in the infection-specific VOC pattern. In our experience, inactivation with beta-propiolactone 

does not or only insignificantly affect the VOC pattern detected by the dogs, as there were no 

significantly lower diagnostic accuracies between inactivated and non-inactivated samples in 

our studies. The most important finding here is that dog training can be carried out using 

inactivated samples without disadvantages for deployment on potentially infectious sample 

material. Mendel et al. (2021) conducted headspace GC-MS (gas chromatography-mass 

spectrometry) to measure VOC-changes in sample material before and after UV-C radiation. A 
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Student’s T-Test indicated no significant difference in odour concentration before and after 

inactivation. 

  

Conclusively, we were able to prove our hypothesis of SARS-CoV-2 infections producing a 

body fluid- and symptom-independent global odour which dogs can be conditioned to. 

Furthermore, we developed an effective bias-free training method for SARS-CoV-2 detection 

dogs based on positive reinforcement that can be applied anywhere and with any dog. Human 

and animal safety can be ensured either by inactivating infectious sample material using BPL 

or UV-C radiation, or by using Training Aid Delivery Device (TADD)-glasses or other safe 

sample containers for sample presentation. Trained detection dogs may provide a real-time, 

effective, economical, effortless and non-invasive screening method for SARS-CoV-2 

infections applicable in every conceivable setting. The potential areas of successful deployment 

are almost limitless, e.g. borders, airports, ports, prisons, public events and festivals, 

kindergartens, schools, universities, hospitals, doctors' surgeries, retirement homes, to just 

name a few. Detection dogs should be considered as an addition to the gold standard RT-PCR 

as well as an alternative to antigen rapid tests, for rapid mass testing. To further increase the 

diagnostic accuracy of the dogs, samples from other respiratory viral diseases, especially other 

human pathogenic alpha- and beta-coronaviruses such as hCoV-229E, hCoV-NL63, hCoV-

HKU1, hCoV-OC43 to reduce the risk of cross detection, should be presented to the dogs 

alongside SARS-CoV-2 samples and samples from healthy individuals in a realistic ratio, to 

evaluate the detection accuracy under these conditions. Moreover, the diagnostic accuracy for 

samples including different virus variants of concern (B.1.1.7 (alpha), B.1.617.2 (delta), 

B.1.351 (beta) and P.1 (gamma)) has to be evaluated and samples with the different variants 

should be utilised in the training process. In addition, it should still be investigated whether the 

dogs correctly do not indicate sample material from persons suffering from long COVID as 

positive, since the acute infection and risk of infection has already passed. If the dogs would 

indicate this sample material as positive due to similar metabolic processes in the human body, 

this would be a great disadvantage for the use of this screening method, since people who do 

not pose any risk of infection would be detected as SARS-CoV-2 positive and quarantined. The 

dogs’ decisions on sample material acquired from vaccinated individuals should also be 

evaluated. It could be possible that the dogs are irritated by vaccine-induced metabolic 

processes and associated VOCs which may result in false positive indications by the dogs. The 

occurrence of this scenario would also be a major disadvantage of this screening method, but a 

hurdle that may be overcome through specific training. Besides, most studies have not pre-
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selected dogs, but this would be needed when using them as a diagnostic test, with only the best 

performing dogs being used. 

  

In order to be able to guarantee an even better reliability and success of this method, validation 

tests under real conditions (e.g. at an event or similar) should be conducted in the future. Our 

idea of a real scenario is as follows: Due to the triggering of both anxiety/discomfort as well as 

allergies in humans by dogs, we would not use the dogs directly on humans but on human 

sample material. The people to be tested stand in a queue and the dogs are led past this waiting 

area opposite. Partition walls between human and dog with a small opening for the sample 

prevent the above-mentioned potential fears/uncomfortable feelings or allergies triggered by 

the dog. Further partitions between individuals prevent possible stigmatisation of positively 

tested individuals by others present. 

 

Furthermore, it could also be useful to identify the specific VOC-pattern the dogs were 

conditioned to, e.g. via GC-MS. It is conceivable that the numerous service dog-carrying 

authorities could be called in, to help control the pandemic officially. In the private sector, 

school dogs could replace the multiple weekly rapid tests that are uncomfortable for children 

and teaching staff. Assistance dogs could also be trained to protect their owners or the entire 

apartment complex from infected visitors. Considering the number and success of research 

projects on the deployment of biomedical detection dogs, the method we have developed could 

be applied not exclusively for SARS-CoV-2 infections but for several different infectious 

diseases. Since, according to our findings, the service dogs of the German Armed Forces are 

very well suited, a possible field of application would be the dog training for certain infectious 

diseases in areas of foreign missions. Other service dog-carrying authorities, private dog clubs 

or similar could as well be used for disease detection of various diseases in the future. 

 

Given the currently slow progress of vaccination and the poor diagnostic accuracy of rapid tests 

under real conditions (apart from the manufacturer's specifications), the use of the canine 

method would be more than reasonable (Deeks et al., 2020; Berger et al., 2021). In developing 

countries or regions with limited or no access to adequate testing methods, this screening 

method could also contribute to pandemic containment due to its simplicity and effectiveness. 

In third world countries, economic circumstances do not permit extensive quarantining and 

quarantine in these countries could have more devastating consequences than the virus itself, 
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e.g. increasing risk of social disobedience and huge levels of poverty, malnutrition and violence 

in the post-pandemic period (Vesga et al., 2020). 

 

Considering the general possibility of deploying medical detection dogs, this method is only 

little or not used in the field of human medicine by now. The major quantity of medical 

professionals continue to rely on diagnostic standard methods although the canine medical 

detection method achieved equal or even higher rates of diagnostic accuracy. For example, 

electronic noses have a limit of detection of 100 to 400 parts per billion (1 × 10-7) whereas the 

olfactory detection threshold of dogs is lower than 0.001 part per billion (1 × 10-12), so they 

surpass the technology by far (Szuleijko et al., 2010; Walker et al., 2006). But inconsistent 

findings and the complexity of this research area prevents practitioners from applying this 

method in their daily routines. The findings of the SARS-CoV-2 detection dog studies could 

also be used to develop electronic noses, i.e. sensors for the detection of SARS-CoV-2 

associated VOCs. The canine studies have answered the question of existence of a detectable 

specific SARS-CoV-2 associated odour in various body fluids of infected individuals. In this 

context, Guest et al. (2021) investigated the diagnostic accuracy of organic semi-conducting 

sensors for the detection of SARS-CoV-2 infections in worn nylon socks and achieved 

sensitivities of 98-100% and specificities of 99-100%. But the development of electronic noses 

for SARS-CoV-2 detection has not been very successful so far. Snitz et al. (2021) only observed 

a detection rate between 61% and 71%. Another study tested electronic noses for pre-operative 

SARS-CoV-2 screening and achieved despite a detection rate of 62% a diagnostic sensitivity 

and specificity of 86% and 54%, respectively (Wintjens et al., 2020). 

 

On the one hand, there are some limitations of the medical scenting dog method, e.g. the current 

lack of standardisation of the training and deployment of biomedical detection dogs (although 

this has been tried in several detection dog studies (Edwards et al., 2017) as each dog has an  

individual character, an individual training level or training requirements, and there are several 

different breeds with a variation of characters and olfactory thresholds. Despite the promising 

results of the sniffer dog studies, the dog method has only been tested in few locations in a real-

life scenario. Reliable data regarding the diagnostic accuracy of the canine method on freshly 

acquired sample material or on humans themselves does not yet exist, but is necessary for a 

general acceptance of this method in the general population. But legislated guidelines and 

commission regulations for the use of explosive detection dogs exist, which could be modified 

and used for biomedical detection dogs as well (European Commission, 2019; European 
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Commission, 2010). Moreover, a medical device or health technology requires an approval by 

national health organisations before permission for usage is granted. For such approval, ethical, 

social, organisational, and legal aspects are assessed alongside technological, economic and 

safety aspects, as well as clinical effectiveness (Koivusalo and Reeve, 2018). In addition, dogs 

performance may vary on different days and the training condition have to be maintained with 

regular training, unlike machines. Variation of detection accuracy may be caused by failure in 

odour conditioning, lack of motivation or other confounding factors (Moser et al., 2010). To 

reliably diagnose a certain disease, laboratory testing or equivalent methods still have to be 

performed because of missing general acceptance. 

 

The advantages of biomedical detection dogs are especially the non-invasiveness, rapid nearly 

immediate results, the simplicity and security of the sampling, testing procedure, specimen 

storage and evaluation of the results, effectiveness of testing, cost effectiveness, and mobility. 

Due to the non-invasiveness, sample acquisition is not associated with any health risk for the 

patient like it is the case in some standard methods and does not require special abilities of the 

performing person. Guest et al., 2021, underline the effectiveness of the canine method by 

stating that two dogs are able to screen 300 people within 30 min. None of the previously 

recognised testing methods comes close to this effectiveness. The samples can be preserved for 

a long time and presented to several dogs which may increase the diagnostic accuracy. If the 

training period is once completed, the testing procedure is easy and time saving. In summary, 

this method has promising potential for the effective detection of various infectious and non-

infectious diseases.  

 

With the work behind this thesis, we have tried to contribute to the containment of the SARS-

CoV-2 pandemic with the "One World, One Health" approach and to support research on 

effective and affordable screening methods. To date, this method has only been used in a few 

countries. In Germany, despite promising results, this method is unfortunately only used for 

research purposes. 
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SUMMARY 

 

Paula Jendrny (2021): The olfactory abilities of canines - detection of the novel 

coronavirus SARS-CoV-2 in human body fluids by detection dogs 

 

The overall objectives of this thesis were to reveal evidence of a global, severe acute respiratory 

syndrome coronavirus type 2 (SARS-CoV-2)-specific odour in sample material from infected 

individuals that trained dogs can be able to detect with high diagnostic accuracies, as well as 

the development of an effective and safe training method for SARS-CoV-2 detection dogs. 

 

In both parts of the project, German Armed Forces service dogs were conditioned to a SARS-

CoV-2 specific scent with a device called Detection Dog Training System (DDTS; Kynoscience 

UG, Germany) based on positive reinforcement to avoid any bias by dog handler or trainer and 

promote independent work of the dogs. 

 

In the initial pilot study, we were able to address the question of an existing pathogen-specific 

odour in beta propiolactone (BPL)-inactivated salivary and tracheobronchial secretion samples 

from hospitalised coronavirus disease 2019 (COVID-19) patients and achieved high diagnostic 

accuracies in dogs with little variance in specificity but relatively high variance in sensitivity. 

For this purpose, ten service dogs of the German Armed Forces were trained but only eight 

were suitable for the test procedure. The dogs were capable of discriminating between samples 

of SARS-CoV-2 infected and non-infected individuals with average diagnostic sensitivity of 

83% and specificity of 96%. During the presentation of 1012 randomised samples, the dogs 

achieved an overall average detection rate of 94% (±3.4%). These findings indicate that trained 

detection dogs are able to detect respiratory secretion samples from hospitalised and clinically 

diseased SARS-CoV-2 infected patients by discriminating between samples from SARS-CoV-

2 infected patients and negative controls.  

In the second study, ten dogs were trained for eight days to detect SARS-CoV-2 infections in 

beta-propiolactone inactivated saliva samples as used in the pilot study. Thereafter, the 

subsequent cognitive transfer performance for the recognition of non-inactivated sample 

material and diagnostic accuracy were tested on non-inactivated saliva, urine, and sweat 

samples in a randomised, double-blinded controlled study. 
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Dogs trained to detect inactivated saliva samples from SARS-CoV-2 infected patients 

transferred the conditioned odour to non-inactivated saliva samples without further training. 

They were tested on a total of 5242 randomised samples and identified non-inactivated saliva 

samples with a sensitivity of 84% and specificity of 95%. In a following experiment to compare 

the odour detection between the three non-inactivated body fluids, diagnostic sensitivity and 

specificity were 95% and 98% for urine, 91% and 94% for sweat, 82%, and 96% for saliva, 

respectively.  

These findings indicate a general symptom- and body fluid-independent, SARS-CoV-2-specific 

VOC-pattern detectable by trained dogs. All of the three body fluids were equally suitable for 

this screening method. 

 

Overall, it was demonstrated that it is possible to condition dogs to a general SARS-CoV-2 

specific odour in different body fluids (saliva, urine, sweat) and to train a reliable indication 

behaviour. The developed training method is effective, successful and leads to a high diagnostic 

accuracy. The importance of medical detection dogs shows an upward trend, however, some 

difficulties must be overcome in standardised dog training and certification of the method in 

order to train reliable detection dogs. 
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ZUSAMMENFASSUNG 

 

Paula Jendrny (2021): Die olfaktorischen Fähigkeiten des Hundes – Detektion des 

neuartigen Coronavirus SARS-CoV-2 in humanen Körperflüssigkeiten durch Spürhunde 

 

Die Hauptintentionen dieser Arbeit waren der Nachweis eines globalen, SARS-CoV-2-

spezifischen Geruchs in Probenmaterial infizierter Personen, den trainierte Hunde mit hoher 

diagnostischer Genauigkeit erkennen können, sowie die Entwicklung einer effektiven und 

sicheren Trainingsmethode für SARS-CoV-2-Spürhunde. 

 

In beiden Teilen des Projekts wurden Diensthunde der Bundeswehr mit einer Maschine, 

genannt DDTS, auf einen SARS-CoV-2-spezifischen Geruch konditioniert. Die 

Trainingsmethode basierte auf positiver Verstärkung, vermied jegliche Beeinflussung der 

Hunde durch Hundeführer oder Trainer und erlaubte ein unabhängiges Arbeiten der Hunde. 

 

In der initialen Pilotstudie konnten wir die Frage nach einem vorhandenen 

pathogenspezifischen Geruch in BPL-inaktivierten Speichel- und 

Tracheobronchialsekretproben hospitalisierter COVID-19-PatientInnen beantworten und 

erzielten hohe diagnostische Genauigkeiten der Screeningmethode durch Hunde mit geringer 

Varianz der Spezifität, aber relativ hoher Varianz der Sensitivität. Zu diesem Zweck wurden 

zehn Diensthunde der Bundeswehr ausgebildet, von denen sich jedoch nur acht für das 

Testverfahren als geeignet erwiesen. Die Hunde waren in der Lage, zwischen Proben von 

SARS-CoV-2-infizierten und nicht-infizierten Personen mit einer durchschnittlichen 

diagnostischen Sensitivität von 83% und einer Spezifität von 96% zu unterscheiden. Bei 

insgesamt 1012 randomisierten Probenpräsentationen erreichten die Hunde eine 

durchschnittliche Gesamtdetektionsrate von 94 %. Die erzielten Ergebnisse deuten darauf hin, 

dass trainierte Spürhunde in der Lage sind, respiratorische Sekretproben hospitalisierter und 

klinisch erkrankter, SARS-CoV-2-infizierter Patienten zu erkennen und diese von SARS-CoV-

2 negativen Kontrollproben zu unterscheiden.  

In der zweiten Studie wurden zehn Hunde acht Tage lang darauf trainiert, SARS-CoV-2-

Infektionen in mit Beta-Propiolacton inaktivierten Speichelproben, genau wie in der ersten 

Studie, zu erkennen. Anschließend wurde die kognitive Transferleistung der Hunde an nicht 

inaktiviertem Probenmaterial getestet. Hierzu wurde die diagnostische Genauigkeit der Hunde 
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an nicht inaktivierten Speichel-, Urin- und Schweißproben in einer randomisierten, doppelt 

verblindeten, kontrollierten Studie ermittelt. 

Alle Hunde übertrugen den konditionierten Geruch ohne weiteres Training auf nicht-

inaktivierte Speichelproben. Sie wurden an insgesamt 5242 randomisierten 

Probenpräsentationen getestet und identifizierten nicht-inaktivierte Speichelproben mit einer 

Sensitivität von 84% und einer Spezifität von 95%. In einem anschließenden Durchgang zum 

Vergleich der Infektionsdetektion zwischen den drei nicht inaktivierten Körperflüssigkeiten 

lagen die diagnostische Sensitivität und Spezifität bei 95% und 98% für Urin, 91% und 94% 

für Schweiß sowie 82% und 96% für Speichel.  

Diese Ergebnisse deuten auf ein globales, symptom- und körperflüssigkeitsunabhängiges, 

SARS-CoV-2-spezifisches VOC-Muster hin, das von den trainierten Hunden detektiert wird. 

Alle drei Körperflüssigkeiten waren ähnlich gut für diese Screening-Methode geeignet. 

 

Insgesamt konnte gezeigt werden, dass es möglich ist, Hunde auf einen SARS-CoV-2-

spezifischen Geruch in verschiedenen Körperflüssigkeiten (Speichel, Urin, Schweiß) zu 

konditionieren und ein zuverlässiges Anzeigeverhalten zu trainieren. Die entwickelte  

Trainingsmethode ist effektiv, erfolgreich und führt zu einer hohen diagnostischen Genauigkeit 

dieser Screening-Methode. Die Ausbildung und der Einsatz medizinischer Spürhunde 

gewinnen immer mehr an Bedeutung, jedoch müssen noch einige Herausforderungen bezüglich 

einer standardisierten Hundeausbildung und der Zertifizierung dieser Methode überwunden 

werden, um zuverlässige Spürhunde auszubilden. 
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