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Abstract 

Introduction: The new beta - coronavirus SARS-

CoV 2, which causes the disease COVID-19, can be 

detected by Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR) from a nasopharyngeal and/or 

oropharyngeal swab or Bronchoalveolar Lavage 

(BAL). The diagnosis of COVID-19 infection is 

based on the detection of the virus in addition to the 

typical symptoms. Pre-analytics play a crucial role in 

this process, as a meaningful result can only be 

obtained if a sufficient sample quantity is available. 

This pilot study investigated the possibility of 

detecting volatile organic compounds (VOCs) from 

the urine of positive COVID-19 patients using an 

electronic nose. A SARS-CoV 2-negative control 

group was additionally studied. 

Methods: Between June 2020 and February 2021, 

the urine of 65 symptomatic, SARS-CoV -2 PCR 
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positive, patients was analyzed. 65 asymptomatic and 

PCR negative subjects served as control group. 

VOCs in the headspace of the samples were analyzed 

using an electronic nose (Cyranose 320) and signals 

were analyzed in a linear discriminant assay. 

Results: Discriminant analysis of a total of 130 urine 

samples, 65 of which were SARS-CoV-2 positive 

and 65 negative, showed good overall separation. A 

sensitivity of 92% and a specificity of 89 % could be 

determined. The Mahalanobis distance was 1.5. 

Overall, 92 % of COVID-19 positive urine samples 

could be correctly matched. This resulted in a 

positive predictive value of 90 %. 

Discussion: The results show for the first time that 

Cyranose can differentiate between air over urine 

(Headspace) of SARS-CoV-2 positive patients versus 

negative subjects. Thus, urine could become a 

promising, non-invasive and cost-effective diagnostic 

medium. Further urine-based studies on SARS-CoV-

2 using other VOC detection methods need to follow 

to confirm validity. 

 

Keywords: Covid-19; Diagnostics; Electronic nose; 

Smell prints; Urine; VOC 

 

1. Introduction 

The COVID 19 pandemic claimed a high number of 

lives worldwide. This was compounded by social 

upheaval and considerable economic damage. 

Currently, the crisis continues in many parts of the 

world. Infection with coronavirus (SARS-CoV-2) 

often leads to illness with pneumonia and even Acute 

Respiratory Distress Syndrome (ARDS) after an 

incubation period of approximately 5.2 days [1]. 

However, between 80-90% of affected individuals 

have only mild to no symptoms [2]. The most 

common symptoms represent fever, cough, dyspnea, 

fatigue, and sometimes gastrointestinal symptoms 

[3]. Complications such as pulmonary artery 

embolism, microthrombi, myocardial damage, acute 

renal failure, and secondary bacterial and mycotic 

infections often occur during the course of the disease 

[4, 5]. Currently, nearly 4 million people have died 

worldwide because of the viral infection despite 

intensified measures by governments. WHO 

recommendations included physical distancing and 

improved hygiene measures [6]. As another strategy, 

widespread testing stations were established in many 

countries to further contain the pandemic [7]. The 

current gold standard is reverse transcription 

polymerase chain reaction (RT-PCR) based on a 

nasopharyngeal and/or oropharyngeal swab. Despite 

high sensitivity and specificity of this test, false 

positive or negative results occur from time to time 

[2, 8]. Specific findings from computed tomography 

scans of the thorax (CT thorax) provided the first 

insights into false-negative results [9, 10]. A native 

CT chest is now standard in addition to RT-PCR and 

often shows basal to global milk glass infiltration in 

COVID-19 infections [11, 12]. For asymptomatic 

patients who nevertheless pose a relative risk of 

infection, the accuracy of current methods needs to 

be reevaluated. In practice, there is the challenge of 

discharging a patient based solely on a nasal or throat 

swab. The measures represent a significant time and 

financial issue, require trained personnel, and expose 

the patient to x-ray radiation in the case of a CT chest 

scan. Diagnosis and screening of COVID-19 remain 

central to pandemic containment. 

The primary entry receptor for SARS-CoV-2 in many 

experimental models is angiotensin-converting 

enzyme 2 (ACE2), which is highly expressed in renal 

proximal tubular epithelial cells [13-15]. Increasing 

numbers of autopsy reports that have been able to 

isolate the virus from patient urine also suggest 

infection of the kidney with SARS-CoV-2. However, 

it seems unclear whether direct infection of the 
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kidney is responsible for the severity of COVID-19 

disease [16-18]. 

 

Volatile organic compounds (VOCs) are opening up 

a promising non-invasive diagnostic approach. VOCs 

are gaseous molecules that are often released as a 

degradation product of various metabolic processes in 

the body which may be altered in pathological 

processes or infections [19]. In acute SARS-CoV 2 

infections, a virus is usually detectable in blood, 

pharynx, feces, and in some cases in cerebrospinal 

fluid, exhaled air [20-22] and also in urine [23]. First 

data could show that SARS-CoV 2 pos. patients can 

be differentiated by VOCs [24]. Especially in the 

case of viral infections (particularly adenoviruses) of 

the urogenital system, it is possible to detect the 

agent in the urine (viruria). Viruses are usually 

detected in urine in three ways. First, as detection of 

inclusion bodies in the cells of the urinary sediment, 

further as specific immunofluorescence of the cells 

and isolated from tissue cultures. To date, viruria has 

been demonstrated in measles, human 

cytomegalovirus, human adenovirus, polyomavirus-

associated nephropathy (PAN), and enterovirus 

(neonates: hepatitis and myocarditis) [23]. Recent 

case reports now also support possible detectability 

of corona viruses (MERS-CoV, e.g. SARS-CoV-19,) 

in urine and stool [25]. Even though SARS-CoV-2 

spreads particularly strongly in the lower respiratory 

tract, small amounts of virus could nevertheless also 

be detected in urine. Currently, there are very few 

data regarding such diagnostics. The present pilot 

study investigates the possibility of non-invasive 

diagnostics via the urine of COVID-19 positive and 

negative patients and volunteers. 

2. Material and Methods 

2.1 Study participants 

This pilot study was conducted at the University 

Hospital of Philipps University Marburg, Germany, 

from July 2020 to February 2021. Patients with 

positive RT-PCR test from nasopharyngeal swab 

with symptoms requiring hospital admission for 

surveillance were included. Participants were 

excluded if they were on the intensive care unit due 

to an excessively severe course and were not able to 

give informed consent. A control group was formed 

from subjects who presented with appropriate 

symptoms and suspected COVID-19 but had a 

negative RT-PCR result from a nasopharyngeal swab 

at the time of study inclusion and had no contact with 

COVID-19 positive patients. The study protocol was 

approved by the Medical Ethics Committee of the 

University Hospital of Philipps University of 

Marburg (AZ 72/20) and was conducted in 

accordance with the Declaration of Helsinki. Verbal 

and written informed consent was obtained from all 

eligible participants before providing a spot urine 

sample. 

 

2.2 VOC analysis 

In the underlying feasibility study, Cyranose 320 

from Sensigent (USA) was used (See Figure 1). The 

device contains 32 different conductive biopolymer 

sensors (thin film carbon polymer chemiresistors) 

that can detect complex gas mixtures of volatile 

organic compounds (VOCs) at concentrations 

ranging from 100 ppb to 100 ppm [26, 27]. When the 

sensors are exposed to a gas, they respond by 

changing their electrical resistance. Subsequently, the 

chemical signal is converted into a digital signal. At 

the beginning of each measurement day and for the 

duration of all measurements, the measurement room 

is sealed airtight and an equilibration/calibration 

measurement is performed under ambient air. Before 

and after each sample measurement, a zero 

measurement is performed for 60 seconds each under 

ambient air. The sample measurement itself takes 

place for 60 seconds during which a signal in the 
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sense of a "steady state" is determined. Each sensor 

reacts to the gas mixture with an individual sensor 

response due to different fabrication. In Cyranose, the 

total VOCs in the gas are measured and the 

respective sample receives a unique response from all 

32 sensors in terms of pattern recognition. These 

profiles are called "smellprints" or "breathprints" as 

described earlier. With the help of statistical methods 

such as linear discriminant analysis, it is possible 

with a model setup to assign subjects to, for example, 

a "sick" and a "healthy" group based on their 

"breathprints" [26]. The measurement procedure was 

analogous to previous studies of our research group 

on the diagnosis of urinary bladder tumors from the 

headspace of urine samples [28]. 

 

2.3 Statistics and data analysis 

All analyses were calculated with SPSS 22 (IBM 

SPSS Statistics, Version 22.0. Armonk, New York, 

US) and Prism 5.03 (GraphPad Software, Inc., La 

Jolla, US). For comparing the two groups for ordinal 

scaled parameters the Mann-Whitney-U-Test for 

unpaired samples was used. The Fisher’s exact test 

were performed for categorical variables. All tests are 

two-sided (p <0.05 was considered to be significant). 

The analysis method of the eNose is described 

elsewhere [29]. 

 

3. Results  

Table 1 gives an overview over relevant patient 

characteristics in both groups. 

 

Variables COVID-19 (n=65) controls (n=65) p-Wert 

Male gender, n (%) 38 41 n.s. 

Age [years] 73.0 ± 14.02 59,1 ± 13.1 <0.001 

BMI (kg/m2), mean ± SD 35.25 + 5.8 32.41 + 6.2 n.s. 

Smoking status “Never“, n (%) 52 45 n.s. 

Comorbidities 

   Hypertension, n (%) 12 15 n.s. 

Diabetes mellitus, n (%) 18 12 n.s. 

Coronary disease, n (%) 5 8 n.s. 

COPD/asthma, n (%) 13 8 n.s. 

Malignancy, n (%) 8 6 n.s. 

Kidney disorders, n (%) 12 7 n.s. 

Medication use 

   PPI, n (%) 16 7 n.s. 

NSAID, n (%) 6 8 n.s. 

Corticosteroid, n (%) 14 6 n.s. 

Angiotensin receptor blocker, n (%) 5 7 n.s. 

n.s. = not significant 

 

Table 1: Patient characteristics. 
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Each sample of the total 130 samples was exposed to three headspace measurements. After calculating the 

arithmetic mean from the 3 measurements of each subject, a positive predictive value of 90% was achieved in the 

linear discriminant analysis (LDA). More than 92% of the COVID-19 positive urine samples were also assigned to 

the correct group (see table 1-2). The sensitivity was 92 % and the specificity 89 % with a significant p value < 

0.001 after Mann-Whitney U-test. 

 

  Covid-19 Control P 

Covid-19 60 (92,31%) 7 (10.77%) <0,001 

Control 5 (7,69%) 58 (89,23%)   

 

Table 2: CVV table. 

 

A boxplot of the data comparing Covid-19 positive and negative urine samples is shown in Figure 1. 

 

 

 

Figure 1: Boxplot of Covid-19 vs. Control. 
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Figure 2: Discriminant analysis Cyranose 320 (Covid-19 vs. Control) 

 

Figure 2 shows the linear discriminant analysis of the two groups. The Mahalanobis distance between the two 

centroids of the groups is 1.5. 

 

4. Discussion 

This pilot trial was able to show that differentiation 

between SARS-CoV-2 positive patients and negative 

subjects using analysis of VOCs from urine samples 

is feasible. The study was blinded to the analyzer. 

Comorbidities were equally distributed in both 

groups. In 2020, the Hanover group was able to show 

that VOCs in exhaled air differed between SARS-

CoV-2 positive and negative individuals. These data 

are important for a first diagnostic approach and 

could be used for future diagnostic tests. Using 

accessory data (urine and metabolites), the urine 

headspace signal was shown to indicate possible 

systemic SARS-CoV-2 infection or renal infection 

[30]. Our study results suggest that VOC-based urine 

diagnostics have the potential to become a rapid, 

inexpensive, and non-invasive triage test for COVID-

19. With a positive predictive value of 90%, 

Cyranose was able to differentiate between COVID-

19 positive and negative VOC patterns. The 

Mahalanobis distance is a dimension of the distance 

between two points (centroids) in a space defined by 

two correlated variables. The distance in our study 

between the two groups is more than one (1.5) 

standard deviations away from the centroid. Thus, we 

can conclude that the centroids of the two groups 

have no correlations. The use of VOC analysis by an 

electronic nose in SARS-CoV-2 has been described 

in previous studies. For example, the research group 

led by Wintjes et al. (2020) demonstrated the use of 

an eNose prior to surgery [31]. Using analysis of 

VOCs from patients' exhaled air, a negative 

predictive value of 0.92 and a sensitivity of 0.86 were 

shown. Thus, a comparable eNose technology has 

also demonstrated good diagnostic accuracy in 

detecting COVID-19 positive patients from exhaled 

air. 
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The present study demonstrates several strengths over 

conventional methods. This is the first study of an 

eNose to demonstrate separation of COVID-19 

positive patients from negative subjects based on 

urine. The procedure does not require dedicated 

personnel or use costly consumables. A clear 

advantage in the use of urine specimens is the much 

lower cost and also less uncomfortable examination 

compared to nasopharyngeal swabs or BAL. 

Obtaining the samples is painless for the patients, 

which is also why the dropout rate was 0%. This was 

also confirmed by the results of other eNose studies 

[32]. The data are quickly available due to a real-time 

analysis and can provide a significant time advantage 

in case of doubt in a triage situation. However, the 

present study also has some limitations. Furthermore, 

one of the major limitations is the need for RT-PCR 

testing, as this is the standard for diagnosis of 

COVID-19 at the current time of the study. Also 

limiting this study is that only symptomatic patients 

requiring hospitalization were included in the test 

group. It remains unclear to what extent the 

procedure is also informative in mildly symptomatic 

or asymptomatic patients. It is possible that the 

individual components of urine appear altered by 

Covid-19 infection. In a study by the Helms et al. 

study group, proteomic upregulation of a total of nine 

proteins was detected in the urine of COVID-19+ 

patients [30]. Whether these are purely from renal 

infection or this is a combination of systemic and 

renal response to infection remains open. However, it 

seems possible that SARS-CoV-2 can directly infect 

and damage renal tubular epithelial cells [30]. From 

this viewpoint, the damaged epithelium of the kidney 

could model features of the lung epithelium in acute 

respiratory distress syndrome that appear relevant to 

COVID-19 pneumonia. Further analysis of the 

interrelationships of affected organs appears to play a 

major role in SARS-CoV-2 infection. In light of this, 

urine samples can play a part in studying the 

pathophysiology of COVID-19 kidney and contribute 

to the development of therapies and predictive 

models [33-35]. At the current time, we only know 

that Cyranose can detect a difference between sample 

groups. The specific molecules relevant to the group 

separation need to be identified in further studies 

using more elaborate methods. 

 

5. Conclusion 

In summary, to our knowledge, this is the first 

diagnostic study on SARS-CoV-2 based on urine. It 

could be clearly shown that the VOC pattern over the 

urine samples of SARS-Cov-2 positive patients is 

different compared to SARS-CoV-2 negative 

subjects. We could draw evidence for a systemic 

infection which might involve the kidneys. If 

confirmed in larger studies, VOC analysis over urine 

samples might become a helpful and rapid diagnostic 

method for COVID 19.  
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