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In late 2019, severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) disease (COVID-19) emerged in Wuhan, 
China, and is a current life-threatening concern worldwide 
[1]. Rapid and accurate diagnostic tests can control this out-
break in public and healthcare facilities [2]. However, many 
modern and costly medical diagnostic technologies are not 
available to people in developing countries and resource-
limited regions [3].

Point-of-care testing (POCT) is described as the use of 
easily portable devices to carry out analytical testing outside 
of the central laboratory [4]. POCT is crucial for managing 
human healthcare since it affords an early and fast diagnos-
tic result [5]. Microfluidic systems, which have transformed 
diagnostic POCT in many medical and dental fields [3, 6], 
are designed to perform measurements on small amounts of 
fluids with fairly high sensitivity and speed, without the need 
for any trained healthcare worker [3].

The employment of microfluidic devices combined with 
POCT may result in instruments that can provide better 
healthcare for the general population, particularly consider-
ing their cost-effectiveness. Microfluidics is presently used 
in the detection of virus, disease diagnostics, and micro-
bial studies. Most microfluidics studies have used saliva as 
a diagnostic fluid. Being appropriate for POCT, saliva has 
many advantages, since saliva samples can be easily stored 
and collection is fast, non-invasive, inexpensive, and safe for 
patients and healthcare providers and does not necessitate 
skilled personnel [3].

The application of traditional analytical biosensing instru-
ments is limited since they are comparatively bulky, expen-
sive, and not easy to handle [7].

Smartphone-based microfluidic biomedical sensory sys-
tems combine smartphones, microfluidic components, and 
sensory elements. This combination offers a user-friendly, 
easily accessible, miniaturized, and portable technology [7].

Different smartphone-based microfluidic biosensor sys-
tems, such as imaging biosensors, biochemical sensors, 
immune biosensors, hybrid biosensors, and molecular sen-
sors, are employed at the point of care (POC) [5].

The smartphone carries out the whole analytical process 
on biological samples, including data collection, analysis, 
and result display. It has the aptitude to receive data from 
sensors and to control various actuators or send data to and 
receive data from other devices using wires or wirelessly [3].

To obtain, analyze, and deliver data, most of these plat-
forms and technologies depend on electrical or optical 
detectors that necessitate sophisticated instrumentation 
and expensive hardware. The image sensors within phone 
cameras have optimal sensitivity for many diagnostically 
pertinent purposes [8]. The complementary metal oxide 
semiconductor (CMOS) camera sensor of a smartphone has 
been employed for detecting optical signals, including fluo-
rescence for isothermal nucleic acid amplification tests [9].

Smartphone-based imaging and sensing platforms are 
growing as competent substitutes for overcoming the bar-
rier between medical staff and their patients. Likewise, 
the implementation of smartphone-based diagnostics for 
COVID-19 allows for fast disease diagnosis and could have 
a considerable influence on the epidemiology of the dis-
ease since accurate geographic and demographic data can 
be stored mutually with diagnostic data.

Early clinical diagnosis of COVID-19 is challenging in 
infected patients since they might remain asymptomatic up 
to 2 weeks after exposure [1]. The current gold standard test 
for COVID-19 diagnosis is the quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR) of respiratory 
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samples such as nasopharyngeal and oropharyngeal swabs; 
however, collection of these specimens exposes healthcare 
workers to a high risk of infection [1, 2]. Recently, this virus 
was detected in self-collected saliva of infected patients, a 
process that might significantly reduce the risk of health-
care worker exposure to the virus [2]. It is documented that 
saliva can be a potential specimen for COVID-19 diagnosis 
through qRT-PCR and viral load monitoring [2].

Utilizing a saliva specimen for COVID-19 has some 
advantages. This is an easy non-invasive procedure; patients 
themselves can collect it where there is no isolation room 
available. This would subsequently reduce the nosocomial 
transmission of disease, and the results would be avail-
able much faster. Moreover, it is a feasible procedure when 
nasopharyngeal specimen collection is contraindicated [2]. 
More than 100 biomarkers (DNA, RNA, messenger RNA 
[mRNA], and proteins) have already been recognized in oral 
fluid, including cytokines (interleukin-8 [IL-8], IL-1b, and 
tumor necrosis factor alpha [TNF-α]) [3]. Since alterations 
in many biomarkers such as immunoglobulins, cytokines, 
and nucleic acids are diagnostic for COVID-19 [10], fast 
and accurate detection of these biomarkers by employment 
of smartphone-based microfluidic systems can be helpful in 
early diagnosis of COVID-19.

Smartphone microfluidic systems that employ saliva sam-
ples as a diagnostic fluid often benefit from colorimetric and 
luminescence techniques by using the phone camera, dark 
chambers, and holders to receive information from samples 
[3].

Although saliva is a preferred biofluid sample for moni-
toring patients at the POC, using untreated saliva directly on 
a biosensor can result in interference with the sensor system 
and experimental errors, since whole saliva is very viscous 
because of the presence of oral particulate matter and adhe-
sive mucin and may consist of unpredictable particles, such 
as food residue and glycoprotein content. Processing saliva 
samples for analysis is extremely difficult; however, it is nec-
essary to remove these impurities, while maintaining the 
target concentration [11].

Different techniques for pretreatment of saliva have been 
reported [12]. Yager et al. [13] and Helton et al. [14] have 
used a microfluidic device (H-filter) that used laminar flow 
to decrease saliva viscosity and the amount of mucins and 
glycoproteins in saliva samples. The first step was membrane 
filtration to remove cells, large debris, and the majority of 
the mucin glycoproteins. The second step used an H-filter 
for diffusive extraction of impurities. They removed 97% of 
mucins and 92% of total proteins, while a significant amount 
of target analytes was preserved.

A POCT for salivary diagnostics and detection of low 
levels of biomarkers in saliva should have both high sensitiv-
ity and high specificity; however, current detection in saliva 
entails a compromise between specificity and sensitivity. 

The accuracy of the POCT using saliva should be compared 
with traditional laboratory gold standards such as enzyme-
linked immunosorbent assay (ELISA) for proteins and poly-
merase chain reaction (PCR) for nucleic acids. To verify the 
specificity of the POCT, the effect of variations in saliva 
content must be examined for an individual under controlled 
and variable conditions [15].

ELISA, PCR, and reverse transcription loop-mediated 
isothermal amplification (RT-LAMP) assays are miniatur-
ized onto a chip-based device with potential advantages 
including speed, price, handiness, throughput, and auto-
mation [4, 16, 17]. The effectiveness of smartphone-based 
microfluidic biosensors has already been demonstrated in 
healthcare diagnostics [7].

Qiu et al. [18] have described rapid detection of H1N1 
in less than 30 min using a smart phone-based microfluidic 
convection PCR, for which capillary tubes were fabricated 
with injection molding. The smartphone was employed to 
take florescent images and analyze their signal intensity.

RT-LAMP is a one-step, PCR-based nucleic acid amplifi-
cation process that has been employed to diagnose infectious 
diseases [1]. RT-LAMP has a number of advantages, includ-
ing high specificity and sensitivity. Additionally, it requires 
less than 1 h to be completed and can be employed in differ-
ent ranges of pH and temperature. Moreover, the reagents are 
comparatively low-priced and are stable at room temperature 
[1]. A recent study has demonstrated that RT-LAMP can 
specifically detect COVID-19 in simulated patient samples 
including saliva in less than 30 min. This new diagnostic 
method can be done without any training or equipment and 
also can be used outside of a central laboratory on various 
types of specimens [1]. Another study has used three RT-
LAMP primers for detecting ORF1ab, N, and E genes of 
SARS-CoV-2. The accuracy rate of detecting these three 
genes together was 99%, because detecting both ORF1ab 
and N genes significantly increases the specificity and sen-
sitivity of the test. This simple measurement can lead to 
rapid and accurate COVID-19 diagnosis [19]. The Zika virus 
(ZIKV) outbreak in Brazil in 2015 presented severe fetal 
abnormalities, called congenital Zika syndrome. Studies 
using different methods have developed smartphone-based 
microfluidic systems for detecting ZIKV from human com-
plex sample matrices including saliva through RT-LAMP. 
These methods can easily be adopted to detect other types 
of viral infections [16, 20].

The diagnosis of viral diseases such as avian influenza 
has been reported with a sensitivity of 96.5% and speci-
ficity of 98.5% employing sandwich ELISA incorporated 
into fluorescent lateral flow assay (LFA) strips [8, 21]. 
Additionally, in a study of 82 confirmed and 58 probable 
cases, combined sensitivity of PCR and immunoglobulin M 
(IgM) ELISA directed at nucleocapsid antigen was 98.6% 
compared to 51.9% with a single PCR test. During the first 
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5.5 days, quantitative PCR had a higher positivity rate than 
IgM, whereas IgM ELISA had a higher positivity rate after 
day 5.5 of disease [22].

Since the integration of both smartphones and microflu-
idic systems has provided a technology that is user-friendly, 
easily accessible, miniaturized, and portable, using smart-
phone-based microfluidic PCR or RT-LAMP alongside 
ELISA has the potential to allow the rapid detection of 
COVID-19 in patient samples, particularly saliva. The com-
bination of smartphones or tablets with microfluidics will 
allow continuous and easy health monitoring of individuals 
or populations during and after COVID-19 outbreaks. Fab-
ricating and developing such fast and accurate devices can 
effectively equip us to handle current and probably future 
outbreaks.

Author Contributions Conceptualization: NF, SH. Methodology: NF, 
SH. Investigation: NF, SH. Validation and visualization: NF, SH. Writ-
ing–original draft preparation: NF. Writing—review and editing: SH. 
Supervision: NF, SH.

Compliance with Ethical Standards 

Funding Not applicable.

Conflict of interest Nima Farshidfar and Shahram Hamedani declare 
they have no conflicts of interest relevant to the content of this article.

References

 1. Lamb LE, Bartolone SN, Ward E, Chancellor MB. Rapid detec-
tion of novel coronavirus (COVID-19) by reverse transcription-
loop-mediated isothermal amplification. MedRxiv. 2020. https ://
doi.org/10.2139/ssrn.35396 54.

 2. To KK, Tsang OT, Chik-Yan Yip C, Chan KH, Wu TC, Chan 
JMC, et al. Consistent detection of 2019 novel coronavirus in 
saliva. Clin Infect Dis. 2020. https ://doi.org/10.1093/cid/ciaa1 49.

 3. Salehipour Masooleh H, Ghavami-Lahiji M, Ciancio A, Tayebi L. 
Microfluidic technologies using oral factors: saliva-based studies. 
In: Tayebi L, editor. Applications of biomedical engineering in 
dentistry. Cham: Springer; 2019. p. 339–358.

 4. Park S, Zhang Y, Lin S, Wang TH, Yang S. Advances in micro-
fluidic PCR for point-of-care infectious disease diagnostics. Bio-
technol Adv. 2011;29:830–9. 

 5. Xu D, Huang X, Guo J, Ma X. Automatic smartphone-based 
microfluidic biosensor system at the point of care. Biosens Bioel-
ectron. 2018;110:78–88.

 6. Ziober BL, Mauk MG, Falls EM, Chen Z, Ziober AF, Bau HH. 
Lab-on-a-chip for oral cancer screening and diagnosis. Head Neck 
J Sci Spec Head Neck. 2008;30:111–21.

 7. Huang X, Xu D, Chen J, Liu J, Li Y, Song J, et  al. Smart-
phone-based analytical biosensors. Anal R Soc Chem. 
2018;143:5339–511.

 8. Hernández-Neuta I, Neumann F, Brightmeyer J, Ba Tis T, Mada-
boosi N, Wei Q, et al. Smartphone-based clinical diagnostics: 
towards democratization of evidence-based health care. J Intern 
Med. 2019;285:19–39.

 9. Priye A, Ball CS, Meagher RJ. Colorimetric-luminance readout 
for quantitative analysis of fluorescence signals with a smartphone 
CMOS sensor. Anal Chem ACS Publ. 2018;90:12385–9.

 10. Santosh TS, Parmar R, Anand H, Srikanth K, Saritha M. A review 
of salivary diagnostics and its potential implication in detection 
of Covid-19. Cureus. 2020;12:e7708. 

 11. Cui F, Rhee M, Singh A, Tripathi A. Microfluidic sample prepara-
tion for medical diagnostics. Annu Rev Biomed Eng Annu Rev. 
2015;17:267–86.

 12. Hyun K-A, Gwak H, Lee J, Kwak B, Jung H-I. Salivary exo-
some and cell-free DNA for cancer detection. Micromachines. 
2018;9:340.

 13. Yager P, Edwards T, Fu E, Helton K, Nelson K, Tam MR, et al. 
Microfluidic diagnostic technologies for global public health. 
Nature. 2006;442:412–8.

 14. Helton KL, Nelson KE, Fu E, Yager P. Conditioning saliva for use 
in a microfluidic biosensor. Lab Chip. 2008;8:1847–51.

 15. Wei F, Wong DT. Point-of-care platforms for salivary diagnostics. 
Chin J Dent Res. 2012;15:7–15.

 16. Priye A, Bird SW, Light YK, Ball CS, Negrete OA, Meagher RJ. 
A smartphone-based diagnostic platform for rapid detection of 
Zika, chikungunya, and dengue viruses. Sci Rep. 2017;7:44778.

 17. Dong J, Ueda H. ELISA-type assays of trace biomarkers using 
microfluidic methods. Wiley Interdiscip Rev Nanomed Nanobio-
technol. 2017;9:e1457.

 18. Qiu X, Ge S, Gao P, Li K, Yang S, Zhang S, et al. A smartphone-
based point-of-care diagnosis of H1N1 with microfluidic convec-
tion PCR. Microsyst Technol. 2017;23:2951–6.

 19. Yang W, Dang X, Wang Q, Xu M, Zhao Q, Zhou Y, et  al. 
Rapid detection of SARS-CoV-2 using reverse transcrip-
tion RT-LAMP method. medRxiv. 2020. https ://doi.
org/10.1101/2020.03.02.20030 130.

 20. Kaarj K, Akarapipad P, Yoon J-Y. Simpler, faster, and sensitive 
zika virus assay using smartphone detection of loop-mediated 
isothermal amplification on paper microfluidic chips. Sci. Rep. 
2018;8(1):12438.

 21. Yeo S-J, Choi K, Cuc BT, Hong NN, Bao DT, Ngoc NM, et al. 
Smartphone-based fluorescent diagnostic system for highly patho-
genic H5N1 viruses. Theranostics. 2016;6:231.

 22. Guo L, Ren L, Yang S, Xiao M, Chang D, Yang F, et al. Profil-
ing early humoral response to diagnose novel coronavirus disease 
(COVID-19). Clin Infect Dis. 2020.

https://doi.org/10.2139/ssrn.3539654
https://doi.org/10.2139/ssrn.3539654
https://doi.org/10.1093/cid/ciaa149
https://doi.org/10.1101/2020.03.02.20030130
https://doi.org/10.1101/2020.03.02.20030130

	The Potential Role of Smartphone-Based Microfluidic Systems for Rapid Detection of COVID-19 Using Saliva Specimen
	References




