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ABSTRACT 
In search for potential alternatives to RT-PCR, Gadjah Mada University 
developed GeNose C19 which was deemed to have high sensitivity, 
specificity, PPV, and NPV. The objective of this study is to contribute 
to the development of GeNose C19 by means of external validation 
conducted in Udayana University Academic Hospital, Bali. This was a 
cross-sectional study conducted on adults above 17 years old. 
Demographic variables, symptoms, vaccination status, GeNose C19 
results, and RT-PCR results were measured. We analyzed the 
sensitivity, specificity, PPV, and NPV using respective appropriate 
formulas and the impact of other variables gathered towards accuracy 
by means of Chi-squared test, Mann-Whitney U test and independent-
samples T test. The results showed that the subjects included in this 
study were 50.8% female and had a mean (IQR) age of 23.0 (21.0-
27.5) years old. Only three subjects (2.5%) showed COVID-19-related 
symptoms such as cough (1.7%), flu (0.8%), fever (0.8%), and 
headache (0.8%). GeNose C19 yields a sensitivity of 83.1%, a 
specificity of 73.6%, PPV of 79.4%, and NPV of 78.0%. There were 
no variables that significantly affect the accuracy of GeNose C19. 
Further study is still required to validate GeNose C19’s performance in 
different environmental conditions and multiple different races.  
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INTRODUCTION 

The COVID-19 pandemic has been an ongoing 

phenomenon for more than two years in Indonesia. 

A total of 6.702.132 cases, with the number of 

mortalities reaching 160.287, was reported on 13th 

December 2022 1. The lack of availability of 

healthcare facilities in several provinces may have 

also contributed to the inaccuracy of reported cases 

2,3. Furthermore, low rates of diagnoses were caused 

by the lack of laboratories’ capacity, reagents 

availability, workers’ capabilities, and rules regarding 

lab workers and specimen collectors 4,5. 

A crucial aspect during the course of the 

COVID-19 pandemic has been the process of 

detection and diagnosis. Early detection and 

diagnosis could help in determining patients’ 

treatments. Until now, several modalities have been 

used to detect COVID-19 in patients. These 
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modalities include reverse transcription-quantitative 

polymerase chain reaction (RT-PCR) or antigen-

based rapid tests 6. The RT-PCR is still widely 

accepted as the gold standard in diagnosing COVID-

19. However, RT-PCR comes with its disadvantages, 

which include the need for special equipment and 

trained staff, being an invasive method in procuring 

samples, and higher costs 7–9.  

As the search for a more effective and cost-

efficient alternative ensues, Gadjah Mada University 

developed a new modality called Gadjah Mada 

Electronic Nose (GeNose C19), which implemented 

e-nose technology by utilizing gas sensors and 

Artificial Intelligence (AI) 10. Through a three-stage 

clinical trial, it was found that GeNose C19 had high 

sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value (NPV). GeNose 

C19 works by analyzing the ‘digital breathprint’ of its 

users, mimicking human olfactory perfection when 

analyzing volatile organic compounds within air 

exhaled into plastic bags. Users were initially asked 

to exhale air into a custom-made plastic bag 

specially manufactured using materials with enough 

inert properties so as not to confound the 

composition of molecules within the bag. These bags 

were then run through a machine running multiple 

sensors on different distinct molecules. Signals were 

then inputted into a custom-made machine, which 

then ran an updated AI version of the machine to 

process inputs generated earlier by the sensors. This 

AI was important, as these input sensors tend to 

have a cross-sensitivity drawback. Analysis was then 

reported in a binary form of positive/negative. The 

full mechanism behind how the hardware works can 

be seen in papers made by Nurputra et al. (2022) 

and Hidayat et al. (2022).  

Despite all the advantages GeNose C19 offers, 

RT-qPCR remains the gold standard. The GeNose 

C19 is currently used as a method for early detection 

of SARS-CoV-2 infection in patients. Still, it needs 

further studies regarding its accuracy before being 

able to be fully implemented in society 11. Therefore, 

through this study, we would like to contribute to the 

development of GeNose C19 by means of external 

validation conducted in Udayana University 

Academic Hospital, Bali. 

METHODS 

This cross-sectional study was conducted in 

Udayana University Academic Hospital, Bali, 

Indonesia, from March to October 2023. The study 

samples were adults above 17 years old who 

underwent voluntary COVID-19 RT-PCR testing at 

Udayana University Academic Hospital with or 

without COVID-19-like symptoms. We measured 

demographic variables (age, sex), presence of 

symptoms (cough, flu, fever, headache), 

comorbidities, doses of vaccination received, 

GeNose C19 diagnostic results, and COVID-19 RT-

PCR diagnostic results. RT-PCR as the gold standard 
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was conducted on all the study samples and 

independent to the GeNose C19 test. 

All variables, excluding GeNose C19 and RT-

PCR diagnostic results, will be reported according to 

their data distribution. A cross-tabulation and 

calculation of sensitivity, specificity, PPV, and NPV 

using their respective formula will be reported to 

compare the diagnostic accuracy of GeNose C19 to 

COVID-19 RT-PCR diagnostic result. Furthermore, 

demographic variables, symptoms, comorbidities 

and vaccination status will be analyzed for their 

effect on accuracy using Chi-squared test for 

categorical data, independent-samples T test for 

normally distributed numerical data and Mann-

Whitney U test for abnormally distributed numerical 

data. All statistical analyses were done on IBM SPSS 

ver. 20. This study had been approved by the Ethical 

Committee of Gadjah Mada University (IRB# 

KE/0489/05/2020). 

RESULT AND DISCUSSION 

Subjects included in this study had a mean 

(IQR) age of 23.0 (21.0-27.5) years old and 50.8% 

comprised of females. Mean (± SD) BMI was 

reported to be 22.3 (± 4.9), and only one patient 

(0.8%) smokes. Only three subjects (2.5%) showed 

COVID-19-related symptoms such as cough (1.7%), 

flu (0.8%), fever (0.8%), and headache (0.8%). 

Three subjects (2.5%) had comorbidity, which 

included hypertension (1.7%) and gastritis (1.7%). 

Sixteen (13.6%) subjects were unvaccinated, while 

six (5.1%) subjects received one dose, ninety-five 

(80.5%) subjects received two doses, and one 

(0.8%) subject received three doses of COVID-19 

vaccine. The full demographic, clinical, and 

vaccination profile can be seen in Table 1. 

Table 1. Demographic, Clinical, and Vaccination 
Profile (n=118) 

Parameter n (%) 

Age, years 23.0 (21.0-27.5)a 
Sex  

Male 58.0 (49.2) 
Female 60.0 (50.8) 

Body Mass Index (BMI) 22.3 (± 4.9)b 
Smoking 1.0 (0.8) 
Symptoms 3 (2.5) 

Cough 2.0 (1.7) 
Flu 1.0 (0.8) 
Fever 1.0 (0.8) 
Headache 1.0 (0.8) 

Comorbidity 3 (2.5) 
Hypertension 2.0 (1.7) 
Gastritis 2.0 (1.7) 

Vaccination Status  
Unvaccinated 16.0 (13.6) 
1 6.0 (5.1) 
2 95.0 (80.5) 
3 1.0 (0.8) 

a Median (interquartile range); b mean (standard 

deviation) 

 

A cross-tabulation of the number of positive and 

negative results on both GeNose C19 and RT-PCR 

testing can be seen in Table 2. Results, as seen in 

Table 2, yielded a sensitivity of 83.1% and a 

specificity of 73.6%. Positive predictive value (PPV) 

was at 79.4%, whereas negative predictive value 

(NPV) at 78.0%. 

We further analyzed demographic variables, 

symptoms, and vaccination status for its impact on 

the accuracy of GeNose C19. We found that there 

were no variables that significantly affect the 

accuracy of GeNose C19. Results from the bivariate 

analysis can be found in Table 3. 
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Table 2. Cross-Tabulation GeNose C19 to RT-PCR 
 RT-PCR 

Total 
Positive Negative 

GeNose 

C19 

Positive 54 14 68 

Negative 11 39 50 

Total 65 53 118 

 
Table 3. Variables Affecting Accuracy of GeNose C19 
Variables p-value 

Age, years 0.879a 
Sex 0.422 
Body Mass Index (BMI) 0.590b 
History of smoking   

Smoking 1.000 
Symptoms   

Flu 0.381 
Fever 0.381 
Cough 0.143 
Headache 0.381 

Comorbidities   
Hypertension 1.000 
Gastritis 0.143 
Respiratory infection within 4 weeks 0.381 

History of vaccination 0.532 
Vaccination dosage 0.198 

a Mann-Whitney U test; b independent-samples T-test 
 

The sensitivity, specificity, PPV, and NPV values 

obtained in this study were lower when compared to 

the study by Nurputra et al. (2022) which was 

conducted in Bhayangkara General Hospital and 

Bambanglipuro COVID-19 Hospital and consisted of 

83 subjects. The study by Nurputra et al. (2022) 

processed all their datasets utilizing the DNN model 

and showed a sensitivity value of 95.5% and 

specificity value of 95.7%. Another study conducted 

in a public hospital in Yogyakarta which consisted of 

460 breath samples also showed all sensitivity, 

specificity, PPV, and NPV value to be 87% which is 

lower than the previous mentioned study but still 

higher that this study 12. Gadjah Mada University as 

the developer of the GeNose C19 also stated that 

they obtained sensitivity, specificity, PPV, and NPV 

results of 89-92%, 95-96%, 87-88%, and 97% 

respectively from a three-stage clinical trial 11.  

As means to determine the factors that might 

have impacted the accuracy of GeNose C19 testing 

in this study, we analyzed demographic variables, 

symptoms, comorbidities, and vaccination status of 

the samples enrolled in our study but found that they 

had no significant effect. This may be due to fact 

that there were only a few subjects who experienced 

symptoms and suffered from comorbidities. 

However, this condition was actually similar to the 

clinical characteristics of the subjects in the study by 

Nurputra et al. (2022), where it was found that 79-

80% of the enrolled subjects were asymptomatic 

and the rest only exhibited mild symptoms. 

One factor which could have contributed to the 

lower accuracy of GeNose C19 when compared to 

RT-PCR, which is still regarded as the gold standard 

in COVID-19 testing, was the analysis of VOCs. In 

contrast to RT-PCR which analyses the RNA found 

directly from the SARS-CoV-2 virus, GeNose C19 

analyses VOCs which are the products of metabolic 

processes and could also be found in other various 

respiratory diseases 7,13,14. Despite that these VOCs 

produced in COVID-19 patients were analyzed using 

AI to discriminate their unique patterns, it should be 

known that AI presents with its own limitations. One 

of the limitations of AI is that generally it only 

attempts to match the output and input variables 

which it had learned from training datasets, thus 
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implying that it needs enormous numbers of 

datasets for more accurate interpretations 15. 

CONCLUSION  

GeNose C19 offers a good sensitivity and 

specificity level. It offers a relatively inexpensive and 

non-invasive diagnostic method. This means that it 

can be applied to a wider range of situations, such 

as on pediatric patients or in resource-limited areas. 

While it does not reach a level comparable to gold 

standard diagnostic methods such as RT-PCR, it may 

function as a cost-effective screening modality. 

However, volatile organic compounds might vary 

based on race or other environmental factors on the 

testing site as they tend to be very prone to the 

slightest of change. Further study is required to 

validate this diagnostic method externally on 

different environment conditions and multiple 

different races. 
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