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Development of integrated microfluidic platform coupled with Surface-enhanced Raman 
Spectroscopy for diagnosis of COVID-19  
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A B S T R A C T   

Corona Virus Disease 19 (COVID-19) pandemic has created an alarming situation across the globe. Varieties of 
diagnostic protocols are being developed for the diagnosis of COVID-19. Many of these diagnostic protocols 
however, have limitations such as for example unacceptable no of false-positive and false-negative cases, 
particularly during the early stages of infection. At present, the real-time (quantitative) reverse transcriptase- 
polymerase chain reaction (RT-PCR) is considered the gold standard for COVID-19 diagnosis. However, RT- 
PCR based tests are complex, expensive, time consuming and involve pre-processing of samples. A swift, sen
sitive, inexpensive protocol for mass screening is urgently needed to contain this pandemic. There is urgent need 
to harness new powerful technologies for accurate detection not only of Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) but also combating the emergence of pandemics of new viruses as well. To over
come the current challenges, the authors propose a diagnostic protocol based on Surface-enhanced Raman 
Spectroscopy (SERS) coupled with microfluidic devices containing integrated microchannels functionalized 
either with vertically aligned Au/Ag coated carbon nanotubes or with disposable electrospun micro/nano-filter 
membranes. These devices have the potential to successfully trap viruses from diverse biological fluids/secretions 
including saliva, nasopharyngeal, tear etc. These can thus enrich the viral titre and enable accurate identification 
of the viruses from their respective Raman signatures. If the device is successfully developed and proven to detect 
target viruses, it would facilitate rapid screening of symptomatic as well as asymptomatic individuals of COVID- 
19. This would be a valuable diagnostic tool not only for mass screening of current COVID-19 pandemic but also 
in viral pandemic outbreaks of future.   

Background of hypothesis 

Rapid spread of the COVID-19 pandemic has created alarming situ
ation all over the world. Originating in China, it has rapidly spread like a 
wild fire all over the world, thus ravaging the healthcare systems and 
economies of several countries. This pandemic has far reaching conse
quences even beyond its physical spread as it has severely dented global 
economic structure. This unprecedented situation underscores the ur
gent need for novel rapid diagnostic protocols that could be used to 
screen symptomatic as well as asymptomatic persons who could be 
potential spreaders. It would be highly desirable to develop long lasting, 
reliable diagnostic assays for detection of not only the current pathogens 
but also those virus variants that might emerge in future. 

Corona viruses have a larger genome made up of ribonucleic acids 
(RNA) of size ranging between 26.4 and 32.7 kilo bases (kb) [1]. These 
viruses are generally spherical in shape with the diameter of ~150–160 
nm (nm) [2]. These Corona viruses are members of Severe Acute Res
piratory Syndrome (SARS) virus family, contains specific proteins 
responsible for membrane (M), nucleocapsid (N), envelope (E), and 
spike (S). Some strains of Sever Acute Respiratory Syndrome Corona 
Virus (SARS-CoV) encode a special enzyme called hemagglutinin 
esterase (HE) protein [2]. The binding of SARS-CoV-2 with angiotensin- 
converting enzyme 2 (ACE2) through S protein enables the entry of it 
into the host cells. The activation of viruses with the help of host cellular 
proteases called type II transmembrane serine protease (TMPRSS2) is 

suggested to result in human-to human transmission [3]. 
Currently several diagnostic test assays are available for detection 

and confirmation of SARS-CoV-2 infections. These diagnostic tests 
mainly fall into two categories i.e. molecular assay, and serological and 
immunological assays [4]. Most molecular assays require expensive 
equipment, highly skilled personnel to detect assay signals. The immuno 
assays can vary in sensitivity and specificity, and are limited by the delay 
in time between initial virus infection and anti-viral antibody produc
tion, which can result in detection of only a subset of SARS-CoV-2 in
fections giving positive results at the time of testing. In addition, assay 
times for existing genomic profile and serological tests can take three 
hours to as long as five days. Most of the existing diagnostic techniques 
such as RT-PCR technique, and enzyme-linked immunosorbent assay 
(ELISA) are quite expensive. 

In this paper, we present our hypothesis for development of novel 
prototype of microchannel integrated platforms that are coupled either 
with Ag-functionalized cellulose based surface-enhanced Raman scat
tering strips or with Au/Ag functionalized carbon nanotubes for subse
quent detection of SARS-CoV-2 in the body fluids such as tears, saliva, 
nasal and throat swabs by using Surface-enhanced Raman Spectroscopy. 
Such platforms, in our opinion, would highly be rapid and robust device 
that can capture SARS- CoV-2 based on its size and facilitate detection of 
virus in real time directly from the samples. No pre-processing or la
beling of the sample would be necessary prior to detection, thus making 
it a simple and rapid protocol. It will have high sensitivity of detection 
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because of two features: trapping of viruses will help concentrating the 
sample at detection area. Use of plasmonic material such as Au/Ag 
would enhance “Raman Signal” (RS) intensity. Because of the high 
sensitivity of the assay, the protocol has the potential to improve the 
range of detection of minute traces of SARS- CoV-2 in nasal, throat, 
saliva and conjunctival swabs. As asymptomatic individuals could be 
potential spreaders, reducing the threshold of detection could greatly 
help to combat the rapid spread of COVID-19. 

To the best of our knowledge, this will be the first and a novel 
approach to develop a diagnostic technique based on the Surface- 
enhanced Raman Spectroscopy coupled with microfluidic platform for 
COVID-19 diagnosis by using tear, saliva, nasal and throat swabs. 

Statement to hypothesis 

The authors of the collaborative study propose a diagnostic tool 
based on SERS coupled with microfluidic devices containing integrated 
microchannels functionalized either with disposable electrospun micro/ 
nano-filter membranes or with vertically aligned Au/Ag coated carbon 
nanotubes for the detection of SARS-CoV-2. 

SERS is a very selective and highly sensitive technique which can be 
employed in pathogen identification. SERS enhances the Raman effect, 
using plasmonic properties of metallic nanostructures [5]. At the early 
stage of a disease, when the biomarkers are significantly low in quantity, 
they are brought in the proximity of metallic nanostructures under op
timum conditions, inherent Raman scattering of the particles is 
enhanced. The vibration signatures produced by SERS provide infor
mation on molecular and structural details of the biological samples [5]. 
Earlier reports suggest that viruses can be captured between aligned 
carbon nanotubes, when their sizes match the intertubular distance 
[6,7]. This can be achieved without any specific labeling while keeping 
the virus viable and its structure intact, obtaining 106–109 times signal 
amplification. Carbon nanotube captured virus is characterized for its 
surface antigens using Raman spectra for comparison with various 
pathogens [6,7]. 

Therefore, upon coupling with plasmonic materials such as gold 
nanoparticles, SERS has the ability to detect a single molecule with the 
highest level of sensitivity, and applicability to detect the live cells 
without staining or labeling even at lower concentration of virus in the 
sample. A study reported by Li and co-workers showed the presence of 
few electrostatic hotspots for the SARS-CoV that can be detected by 
Raman Spectroscopy [8]. Therefore, the authors believe that the 
detection of SARS-CoV-2 can be performed based on the electrostatic 
signals generated via its antigen interactions. Thus, successful identifi
cation of one of the sites of characteristic electrostatic interactions can 
lead to a reliable and highly sensitive rapid detection method for SARS- 
CoV-2. 

Yeh and co-workers demonstrated the use of carbon nanotube arrays 
for the effective trapping (based on size) and label free detection of virus 
using respective Raman signature [6,7]. Thus, the authors believe that 
trapping of SARS-CoV-2 viruses by using similar, and appropriately 
modified microfluidic devices coupled with SERS will be useful in 
detecting COVID-19 viruses from clinical samples. Further, it is specu
lated that such a protocol might attract significant diagnostic value and 
clinical potential. 

A few previous studies reported that once SARS-CoV-2 virus gets 
established in the intra-ocular region, it might then spread to the res
piratory tract via the nasolacrimal duct - a duct connecting the ocular 
space to the nasal passages. It has also been observed that the COVID-19 
virus can spread from the respiratory tract to the intra-ocular region [9]. 
Most of respiratory viruses have been documented to possess ocular 
tropism, causing ocular complications in infected individuals and 
establishing a respiratory infection following ocular exposure [10]. The 
novel coronavirus RNA was also detected in tears and conjunctival 
samples from infected individuals [11]. The conjunctival epithelium and 
conducting airways appear to be potential portals of infection for SARS- 

CoV-2 [12]. The presence of ACE2 and TMPRSS2 in conjunctival and 
corneal epithelial cells suggest the ocular surface as a secondary site of 
infection following respiratory tract, or possibly even as the initial portal 
of entry to an individual [13]. Therefore, the authors believe that it is 
important to check the presence of SARS-CoV-2 in the tear sample along 
with other systemic fluids. A recent report from Tata Memorial Center 
(TMC) group showed the presence of RNA in saliva by using Raman 
Spectroscopy [14]. Thus, it is worth collecting and analyzing tear and 
saliva samples along with the nasal and throat swabs for the detection of 
SARS-CoV-2. The authors believe that the proposed technique is ex
pected to have an ability to detect mild and asymptomatic cases via 
SERS. It would thus be helpful in early diagnosis and contact tracing, 
which will be an essential step in preventing the silent spread of the 
virus. 

The aim is to develop the prototype which facilitates size dependent 
trapping of SARS-CoV-2 from the body fluid samples in microfluidic 
device and identification of the virus by using Surface-enhanced Raman 
Spectroscopy. This procedure has certain advantages. The device per
mits increasing concentration of the virus in the sample (without ultra 
centrifugation) to facilitate detection. Raman spectroscopic detection 
takes very short time (~few mins) and needs lesser operating cost than 
any other current tools. Yeh et al have shown that viruses can be 
accurately distinguished on the basis of their Raman signature [6,7]. 
Recent paper has shown this to be true for SARS-CoV-2 [14]. At present 
RT PCR is considered as a gold standard protocol, therefore validation of 
our prototype with the existing tool is necessary to determine the 
specificity and sensitivity of the newly proposed tool. The proposed 
method can be applicable for detection of SARS-CoV-2 as well as its 
variants (mutated forms), as it is based on physical properties of the 
virus which are less likely to be altered by mutations. At present this 
prototype will be developed for COVID-19 diagnosis, with appropriate 
alterations and functionalization of the sensing materials, carbon 
nanotubes porosity and geometry. It would be useful in detection of any 
other similar viruses as well as bacteria in future. Therefore, the authors 
propose to use two models; one with gold and other with silver nano
particles as plasmonic material. 

Proposed prototype 

The two following proposed models are based on the unique concept 
of SERS coupled with microfluidic device for the detection of COVID-19 
from biological fluids. 

Model 1 

A cost-effective Polydimethylsiloxane (PDMS) based microfluidic 
device with integrated disposable type micro/nanofilter and SERS strips 
is proposed for rapid screening of asymptomatic COVID-19 patients. 
Fig. 1 depicts the basic design of disposable type PDMS microfluidic 
device. In the microfluidic platform, the microchannels will be inte
grated with disposable electrospun micro/nano-filter membrane and the 
detection well can be functionalized with a disposable Ag functionalized 
cellulose paper based SERS strip. The overall PDMS microfluidic device 
will be fabricated using 3D printing process to facilitate batch produc
tion. Initial trials will be tested using simulated body fluids. 

Model 2 

Integrated microfluidic platforms with vertically aligned carbon 
nanotubes (VACNTs) functionalized microchannel, which can be used 
for high-risk patients with COVID-19 symptoms. Fig. 2 depicts the basic 
design of VACNTs integrated microfluidic device. 

Apart from this application, the proposed devices would be a uni
versal detection platform, and can be extended for various types of 
biosensor applications with suitable functionalization of the sensing 
materials. 
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Application of Raman spectroscopy for the detection of SARS- 
CoV-2 

The Ag/Au nanoparticles present in the detection well will enhance 
the Raman signal. Raman signal will be analyzed via machine learning 
algorithms that can be trained on the signals of known virus molecules. 
Spectrum of test sample will be matched with previously recorded 
standard reference spectrum of SARS-CoV-2. 

The device essentially traps viruses in nanotubes. Au/Ag-VACNTs 
not only help to segregate but also concentrate the viruses from sam
ples (on repeated applications). This localized increase in the titre helps 
in accurate identification and enhances the sensitivity of the assay. 
Presence of plasmonic AU-NPs further enhances the RS. The trapped 
viruses can be eluted and characterized either by sequencing or by other 
molecular analyses, if necessary, to confirm the specificity of the target 
virus. Importantly, this assay does not involve labeling of virus particles 
and processing of the samples prior to introduction into the device. As 
consequent detection of SERS takes only a few minutes the proposed tool 
may become a robust, reliable, highly sensitive and very rapid detection 
method of choice across the globe. Hence, we believe that this assay 
would provide a viable, long term alternative for reliable diagnosis of 
viral identity. Further, positive outcome of this tool will facilitate 
designing and manufacturing of versatile, portable platforms to coun
teract future outbreak of viral epidemics with steep reduction in the 
response time. 

Conclusion 

It is believed that this technique would provide a viable, long term 
alternative for reliable diagnosis of SARS-CoV-2 detection. Importantly, 
positive outcome of any of these two prototypes will facilitate the design 
and manufacture of versatile, portable platforms to contain future out
breaks of viral epidemics with steep reduction in the response time. 

Limitations of concept 

Validation of the prototypes is needed in the initial stage in deter
mining the specificity and sensitivity of the proposed prototypes as 
against gold standard methods such as RT-PCR. 
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detection of SARS-CoV, and are planning to submit this concept as a 
multicentric proposal for seeking research grant to Indian Government 
funding agencies. Instead of individual authors, the role of each orga
nization is listed as follows;  

1. Aditya Jyot Foundation For Twinkling Little Eyes  
• Conceptualization of prototype  
• Literature survey  
• Preparation of manuscript  
• Development of proposal  

2. PSG Institute of Advanced Studies  
• Designing and Development of microfluidic device  
• Preparation of manuscript  
• Provision of Technical support  

3. PSG Institute of Technology and Applied Research  
• Designing and Development of microfluidic device  
• Preparation of manuscript  
• Provision of Technical support  

4. Advanced Centre for Treatment Research and Education in 
Cancer  
• Preparation of manuscript  
• Provision of Technical support for Raman Spectroscopy 
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