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Abstract
                         

The novel coronavirus pneumonia, a global pandemic disease named as coronavirus disease 2019, has 
caused enormous losses on the health and economies of people all over the world, while there is still 
a lack of quick and sensitive diagnostic method and effective therapy. Developing rapid diagnostic 
method for coronavirus disease 2019 has become exceptional urgent. Herein we report a rapid 
diagnostic method for the novel coronavirus through monitoring the volatile biomarkers in human 
exhaled breath. The breath volatile biomarkers are derived from the metabolism of novel coronavirus, 
including acetoin, 2,4,6-trimethylpyridine, 3-methyl tridecane, tetradecane, isooctyl alcohol, 
pentadecane, hexadecane, 1-methylene-1H-indene. By comparing the types and concentrations of 
the volatile biomarkers in human exhaled breath combined with SERS sensor, we could distinguish 
between the healthy person and the patients with coronavirus disease 2019. This work confirms that 
various volatile organic compounds metabolized by novel coronavirus can be employed for rapidly 
screening of patients with coronavirus disease 2019, and has broad application prospects in the 
prevention and control of the epidemic.
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The coronavirus disease 2019(COVID-19) is 
one kind of acute infectious disease caused by the 
novel coronavirus [1, 2]. The main symptoms of 
COVID-19 infection include respiratory symptoms 
such as fever, cough, shortness of breath, and breath 
difficulty. In some severe cases, the infection can lead 
to pneumonia, severe acute respiratory syndrome, 
kidney failure, and even death. Up to date, due to the 
lacking of effective antiviral drugs to treat COVID-19 

virus, the isolation and supportive treatment are still 
the main approaches in controlling COVID-19 spread. 
Therefore, rapid screening and effective isolation 
remain the optimal ways to defeat the new coronavirus 
for those who are susceptible to COVID-19 [3]. So far, 
the main diagnosis techniques are based on COVID-19 
virus nucleic acid and antibody, but there are still some 
demerits such as difficulty in samples collection, long 
detection time, and false positive or negative detection 
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results. Therefore, it is extremely practical and urgent 
to develop a rapid diagnostic method for COVID-19 [4, 
5].

In ancient Greece, residents used their noses 
to identify special smells in the patient's breath to 
diagnose certain diseases [6, 7]. In the 18th century, 
Antoine Lavoisier, a pioneer of modern chemical 
analysis, first finished the analysis of exhaled gases 
and discovered that the exhaled gases contained CO2, 
opening up a new field in the analysis of exhaled gases. 
Since then, researchers have shown great interest in 
analyzing human exhaled breath. With the development 
of gas chromatography (GC) technology, Nobel 
Laureate Linus Pauling discovered that human exhaled 
breath contained more than 200 volatile organic 
compounds with the concentrations ranging from 
picomoles per liter (pM) to micromole per liter (μM) [8, 
9], opening a new «window» for researchers to study 
human metabolism. With the continuous development 
of analytical technologies, researchers have carried out 
detailed studies on human exhaled breath and finally 
make a conclusion that the components of human 
exhalation are complex and may be classified into 
inorganic gases, volatile organic compounds (VOCs) 
and non-volatile substances [8, 10-13]. With the in-
depth study of the composition in human exhaled 
breath [14-18], researchers have gradually discovered 
that the types and concentrations of VOCs in human 
breath are closely related to some diseases of the 
human body. Therefore, numerous studies have been 
conducted to screen out different biomarkers in exhaled 
breath between healthy people and patients were 
done, and researchers have established several breath 
analysis methods for the diagnosis of disease. Breath 
analysis technology has obvious advantages in disease 
diagnosis, such as non-invasive technique without 
imposing any physical or psychological burden on the 
patient and no interference in human breath samples. 
Nowadays, as a new disease diagnosis method, breath 
analysis has aroused more attention, and have been 
widely used in the screening tumors or metabolism 
diseases [19-24].

The VOCs in exhaled breath can reflect the 
metabolic status of the human body, providing a new 
diagnosing strategy in monitoring physiological and 
biochemical changes of the human body. Furthermore, 
breath analysis is particularly suitable for diagnosing 
long-term diseases. Under the condition of stable 
exhalation composition, accurate diagnosis of diseases 

could be achieved. 

As shown in Table 1,  the selected exhaled 
VOCs markers are derived from the metabolism 
of novel coronavirus, mainly including styrene, 
acetoin, 2,4,6-trimethylpyridine, 3-methyl tridecane, 
tetradecane, isooctyl alcohol, pentadecane, hexadecane, 
1-methylene-1H-indene.

The VOCs were screened out by gas chromatography 
from the metabolic gas of human lung fibroblasts, 
which were co-cultured with inactivated new 
coronavirus. Moreover, the normally cultured human 
lung fibroblast metabolites were used as a control. The 
detailed operation procedures showed as following: 
the collected novel coronavirus culture medium 
samples were injected by a headspace sampling 
device, concentrated by a solid phase microextraction 
device, and finally sent to the gas chromatography-
mass spectrometer to detect the content of VOSs. After 
comparing the gas chromatograms of experimental 
group (curve a in Fig. 1) and control group (curve b 
in Fig. 1), the obvious differences between these two 
spectrograms were found. Nine peaks labeled with 

Table 1  The VOCs biomarkers to distinguish COVID-19 
patients from healthy persons

No. Biomarkers
1 Styrene
2 Acetoin
3 2,4,6-Trimethylpyridine
4 3-Methyl tridecane
5 Tetradecane
6 Isooctyl alcohol
7 Pentadecane
8 Hexadecane
9 1-Methylene-1H-indene

Fig. 1 Gas chromatogram of COVID-19 group (curve a) and 
health group (curve b), and the peak numbers corresponds to 
Table 1.

1 a

b

In
te

ns
ity

 (a
.u

.)

600 700 800 900
Time (s)

1000 1100 1200

23.2×109

2.4×109

1.6×109

0.8×109

0

3

4

5

6

7

8

9



227Nano Biomed. Eng., 2021, Vol. 13, Iss. 3

http://www.nanobe.org

numbers in gas chromatograms corresponded to the 
biomarkers in Table 1 and were selected for COVID-19 
analysis.

In this work, we first screened out specific 
breath VOCs biomarkers associated with novel 
coronavirus infection via gas chromatography-mass 
spectrometry, then collected the breath gas samples 
from cured COVID-19 patients to verify the validity 
of markers, and finally established primary diagnosis 
standard to distinguish COVID-19 patients from 
healthy uninfected persons, which is as follows: 
those biomarkers such as 2,4,6-Trimethylpyridine, 
Tetradecan, 1-methylene-1H-indene and Acetoin are 
closely associated with COVID-19 infectious patients, 
which were used to identify COVID-19 patients, those 
biomarkers such as Isooctyl alcohol, Pentadecane, 
Styrene and 3-methyl tridecane are closely associated 
with healthy persons, which were used to identify 
uninfected healthy persons. 

Further, we developed the SERS (Surface enhanced 
Raman scattering) sensors for ultrasensitive detection 
of nine exhale breath markers based on our previous 
reports [25-27]. So far, we are cooperating with Public 
Health Clinical Center, collecting the exhaled breath 
samples from COVID-19 patients, and verifying the 
coincidence of breath volatile markers–based diagnosis 
with CT images and nucleic acid test-based clinical 
diagnosis. 

In summary, our primary study shows that human 
VOCs caused by novel coronavirus can be used as 
biomarkers for the breath diagnosis of COVID-19 
patients, and SERS sensors combined with exhaled 
breath biomarkers have great application potential 
in COVID-19 patients screening. Further work 
will optimize this diagnostic system to improve the 
consistency between the breath volatile markers–based 
diagnosis and clinical diagnosis, and will translate this 
diagnosis system into clinical application in the near 
future. 
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