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Abstract

Introduction: The ongoing spread of pandemic coronavirus
disease-19 (COVID-19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is of growing concern.
Rapid diagnosis and management of SARS-CoV-2 are crucial
for controlling the outbreak in the community. Here, we re-
port the development of a first rapid-colorimetric assay ca-
pable of detecting SARS-CoV-2 in the human nasopharyn-
geal RNA sample in less than 30 min. Method: We utilized a
nanomaterial-based optical sensing platform to detect RNA-
dependent RNA polymerase gene of SARS-CoV-2, where the
formation of oligo probe-target hybrid led to salt-induced
aggregation and change in gold-colloid color from pink to
blue visibility range. Accordingly, we found a change in col-
loid color from pink to blue in assay containing nasopharyn-
geal RNA sample from the subject with clinically diagnosed
COVID-19. The colloid retained pink color when the test in-

cludes samples from COVID-19 negative subjects or human
papillomavirus-infected women. Results: The results were
validated using nasopharyngeal RNA samples from positive
COVID-19 subjects (n = 136). Using real-time polymerase
chainreaction as gold standard, the assay was found to have
85.29% sensitivity and 94.12% specificity. The optimized
method has detection limit as little as 0.5 ng of SARS-CoV-2
RNA. Conclusion: We found that the developed assay rap-
idly detects SARS-CoV-2 RNA in clinical samples in a cost-
effective manner and would be useful in pandemic manage-
ment by facilitating mass screening.
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Introduction

Coronavirus disease has rapidly spread across the
world raising severe global health concerns. In December
2019, China reported the first disease case in its Hubei
Province. Based on the phylogenetic analysis, the identi-
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fied novel coronavirus has been named as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), and
the disease spread by SARS-CoV-2 became known as
“COVID-19” being declared for a pandemic by World
Health Organization (WHO) [1]. Despite global massive
efforts to control the outbreak of COVID-19, this pan-
demic is still rising and developing an affordable screen-
ing for rapid diagnosis is critically required in the man-
agement of COVID-19 [2]. According to the WHO, the
immediate priority is the development of point-of-care
tests for the detection of SARS-CoV-2 at an early stage
with improved sensitivity [3].

Currently, the COVID-19 diagnostic tests fall into two
categories: antibody and nucleic acid-based detection
systems. The developed immunoassay is rapid but inef-
ficient for the detection of the pathogen at an early stage
of infection [2]. Besides, specific situations are described
by the WHO where antigen testing can be done [4].
Among the nucleic acid-based detection systems, the
CDC considered a real-time polymerase chain reaction
(RT-PCR)-based method as a gold standard for CO-
VID-19 testing [5]. The sample-to-result time of the
quantitative RT-PCR was initially >4 h; however, con-
stant efforts are underway to improve the turn-around
time through automation. Besides, time-consuming pro-
cess PCR based tests are expensive; they require sophisti-
cated instruments and expertise [2]. Thus, other technol-
ogies, such as reverse transcription-loop-mediated iso-
thermal amplification [6], and Genome-editing [7], are
being explored. These are promising technologies; how-
ever, the expected turn-around time would still be around
1 h and may not be economical for mass screening, espe-
cially for the developing countries.

Nanomaterials-based sensing platforms hold promise
to develop rapid diagnostics. However, their limited use
in the clinical setting is due to the need for sophisticated
equipment [8, 9]. A recent attempt to use antisense-nu-
cleotide capped gold nanoparticles (AuNPs) for N-gene
based, COVID-19 detection could be a game changer
[10]. Whereas, WHO suggested that N-gene has a rela-
tively weak analytical capability as compared to the RNA-
dependent RNA polymerase (RdRp) gene, to detect CO-
VID-19 infection [11]. Moreover, the authors have dem-
onstrated COVID-19 detection in a cellular-model
system, and application in human samples (in large sam-
ple number) has yet to be shown.

In this study, we report for the first time AuNPs-based
rapid colorimetric assay for visual eye detection of CO-
VID-19 RNA in human samples designed to target RdRp
specific gene target in very cost-effective manner with
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wide application of mass screening in field. We utilized
the surface plasmon resonance property of AuNPs to de-
tect unamplified COVID-19 RNA in human samples.
The ability of AuNPs to preferentially adsorb ssRNA/ss-
DNA over dsDNA/dsRNA is the crucial concept of this
assay. The single- and double-stranded oligonucleotides
have different electrostatic properties, which provide sta-
bility (via retaining natural color) and aggregation (which
causes color change) of AuNPs in solution, respectively
[12].

Materials and Methods

Chemicals

Citrate buffer stabilized AuNPs (10 nm diameter) was pur-
chased from Alfa Aesar (Thermo Fisher Scientific India Private
Limited). Phosphate buffer saline (pH 7.0) and NaCl were pro-
cured from Sigma Aldrich. RdRp specific oligo probe sequence was
adapted from the reference [11] and synthesized from Applied
Biosystems. The sequence was approved by WHO and has report-
ed specificity for coronavirus (SARS-CoV-2) only without any
cross-reactivity with other respiratory viruses [11]. Flowchart of
the methodology is described in Figure la.

Clinical Samples

For our study, we have not enrolled any participants; we re-
ceived the left-over clinical samples (nasopharyngeal RNA sam-
ples) from the Department of Microbiology, SGPGIMS and RM-
LIMS, Lucknow. RNA extracted from the nasopharyngeal samples
of person having symptoms like fever, cough, cold, sore throat,
tiredness, aches, and pains were used in our study. Samples from
patients below 18 years or pregnant women were not included in
the study. The study protocol to use clinical samples was approved
by Institutional Human Ethics Committee SGPGIMS, Lucknow
(Ref N. PGI/BE/327/2020).

Nasopharyngeal RNA sample from subjects suspected to have
COVID-19 infection (n = 136) was used. The nasopharyngeal sam-
ples of the patients having symptoms were collected, and RNA was
isolated in the Department of Microbiology, SGPGIMS, and RM-
LIMS, Lucknow. The nasopharyngeal swabs were collected in viral
transport medium (Himedia, Cat No. AL167), and RNA was ex-
tracted by QIAamp Viral RNA Mini Kit (Qiagen, Cat. No. 52904)
following manufacturer’s instructions. The COVID-19 testing of
these subjects was done in the Indian Council of Medical Research
(ICMR, India) approved diagnostic laboratory using Tagman-
based RT-PCR kit (Labgun, lab, Genomics Co. Ltd, Republic of
Korea).

The cervical DNA samples from human papillomavirus (HPV)
infected woman (n = 2) was used as nonspecific target control. The
clinical samples (cervical smear) for the HPV DNA test were pro-
cessed using HPV Test Hybrid Capture® 2 protocol (Qiagen).
Samples with relative light units/cutoff value ratios >1.0 were con-
sidered as HPV positive and <1.0 were considered as HPV nega-
tive. Only HPV positive DNA samples were used during validation
experiments.
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Fig. 1. Flowchart of the methodology (a), schematic representation of the assay for the visual detection of SARS-
CoV-2 RNA (b). Schematic illustrates the assay flow to detect RARp gene sequence of SARS-CoV-2 in the naso-
pharyngeal RNA sample from subject clinically diagnosed with COVID-19 (positive control).

In vitro Transcription of SARS-CoV-2 RNA

The RNA (5 ng) from confirmed COVID-19 positive human
sample were first reverse transcribed with modified oligo dT prim-
er having a T7 promoter sequence at its 5’ end, and the resulting
single-stranded cDNA was further in vitro transcribed (IVT) using
HiScribe T7 Quick High Yield RNA Synthesis Kit according to the
manufacturer’s protocol (New England BioLabs Inc., NEB
#E2050). The amplified RNA was than purified using Monarch
RNA Cleanup Kit (New England BioLabs Inc.) and quantified by
RNA HS reagent using Qubit system (Thermo Fisher Scientific).

Colorimetric Assay for the Detection of SARS-CoV-2 RNA

For colorimetric assay, reaction was set up in 10 uL of reaction
volume in sterile PCR tubes, containing (a) hybridization buffer
containing 80 mM NaCl, (b) 0.5 uM oligo probe for RdRp genes,

RNA-Based Assay for Rapid Detection of
SARS-CoV-2

and (c) target RNA from positive patients or IVT RNA. The RdRp
oligo probe (5'-GTGATATGGTCATGTGTGGCGG-3') was used
to specifically detect the presence of SARS-CoV-2 RNA in the as-
say. In parallel, to measure the specificity of the assay, input ge-
nomes from different sources such nasopharyngeal RNA from
COVID-19 negative subjects and HPV DNA from cervical cancer
positive samples were used as negative controls. Similarly, non-
template control (NTC) was also included to measure the back-
ground reactivity. In addition, to confirm the working principle of
the assay, a different RNA template (isolated from pancreas) and
pancreas-specific regenerating islet-derived protein 3 (REG-3)
gene oligo probe (5'- GTGCCTATGGCTCCTATTGCT-3') were
used separately.

The final reaction mixture with above combinations was then
denatured at 95°C for 30 s, annealed at 60°C for 60 s and then
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Table 1. Comparison of new color test by comparison to RT-PCR
(N=136)

RT-PCR (gold standard method) Total
positive negative
New color test
Positive 58 4 62
Negative 10 64 74
Total 68 68 136

cooled to room temperature for 10 min. Subsequently, 10 nM col-
loidal AuNPs (~10 nm) were added to the assay mixture and al-
lowed to develop color for 1-2 min.

Spectral Studies and Measurement of Sensitivity

Absorption spectrum of the assay mixture was recorded in the
range of 300-700 nm. The peak shift from 520 nm (known as red-
shift) and peak broadening after 520 nm were measured as a char-
acteristic feature of the salt-induced aggregation. Using various
combinations of positive and negative controls (as discussed in the
previous section), the specificity of reaction and aggregation were
compared. Assay sensitivity was determined by serially diluting
the input SARS-CoV-2 RNA from both the IVT synthesized and
synthetic SARS-CoV-2 control (COVID-19 control kit, Cat. No.
A47532, Applied Biosystems) ranging from 5 to 0.1 ng and 1-0.1
ng concentrations, respectively.

Statistical Analysis

Diagnostic accuracy of the new color test was calculated by as-
suming RT-PCR as gold standard method. Sensitivity (true posi-
tive rate), specificity (true negative rate), and overall accuracy (true
positive and true negative rate) were calculated with 95% confi-
dence interval. Likelihood ratio positive (sensitivity/false positive
rate), likelihood ratio negative (false negative rate/specificity), pos-
itive predictive value (true positive value/total positive results pre-
dicted by color test), and negative predictive value (true negative
value/total negative results predicted by color test) were also cal-
culated. Measured accuracy was considered statistically significant
(p < 0.05) when 50% did not falling within the lower and upper
confidence limit of the confidence interval (expressed in %). Sta-
tistical analysis was performed using software MedCalc for Win-
dows (MedCalc Software, Ostend, Belgium).

Results and Discussion

In this study, we report for the first time the develop-
ment of a rapid and affordable RNA-based assay for the
visual detection of the SARS-CoV-2 genome in human
samples. Using RT-PCR as gold standard, the developed
assay was found to have a sensitivity of 85.29% and spec-
ificity of 94.12%. For the assay, we use surface plasmon
resonance property of AuNPs/colloids and targeted the
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Fig. 2. Colorimetric assay to detect SARS-CoV-2 RNA. a Com-
parative absorption spectra of unmodified AuNPs (Green curve)
and oligo probe stabilized AuNPs, i.e., NTC (Grey curve), optical
images of gold colloids (left vial) and NTC (right vial) are shown
in the inset. b Comparative absorption spectra of NTC (Grey
curve) and positive control, i.e., nasopharyngeal RNA sample from
subject clinically diagnosed with COVID-19 (Brown curve). Opti-
cal images shown in inset demonstrate the evident change in the
color of the solution from pink to blue in the control vial (right)
while no change in color of NTC vial (left). ¢ Representative ab-
sorption spectra, and in the inset shows optical images comparing
assay performed with NTC (Grey curves, left vial), RNA from clin-
ically diagnosed COVID-19 subjects (Brown curve, middle vial),
and RNA from subjects without COVID-19 (Yellow curve, right
vial). Samples from a total of eighteen infected and eighteen unin-
fected individuals were analyzed (optical images were attached as
online suppl. Fig. $2).

RdRp specific gene sequence of SARS-CoV-2. RdRp is es-
sential for viral replication and has higher analytical pow-
er than E (envelope protein) and N (nucleocapsid pro-
tein) genes of SARS-CoV-2 (10). With the current esca-
lated demand of cost effective, easy and sensitive
diagnostic for COVID-19, the test was developed using
commercially available SARS-CoV-2 synthetic DNA and
validated further using clinical samples from COVID-19
subjects (as confirmed using Tagman-based RT-PCR
method, online suppl. Table S1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000522337). In
the study, out of 136 samples, 50% samples (n = 68) were
true positive (COVID-19 positive) and 50% samples (1 =
68) true negative (free from COVID-19 disease) con-
firmed by gold standard diagnostic test RT-PCR. These
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Table 2. Diagnostic accuracy of new color

test by comparison to RT-PCR (N = 136) Measurements Value 95% ClI p value
lower  upper
Sensitivity (true positive rate), % 85.29 74.61 92.72 <0.05
Specificity (true negative rate), % 94.12 85.62 98.37 <0.05
LR+ 14.50 5.58 37.71 <0.05
LR- 0.16 0.09 0.28 <0.05
PPV, % 93.55 8479 9742 <0.05
NPV, % 86.49 7826 9192 <0.05
Overall accuracy, % 89.71 83.33  94.26 <0.05

Above estimation are based on equal number of disease- and disease-free cases in study
samples detected by gold standard method. NPV, negative predictive value; PPV, positive
predictive value; LR—, Likelihood ratio negative; LR+, Likelihood ratio positive

true positive and negative samples were again tested by
new color test to assess the diagnostic accuracy of our new
test (Table 1). Result showed that sensitivity (true positive
rate) of the new test was 85.29% (58/68) and specificity
(true negative rate) of 94.12% (64/68) with statistically
significant p value <0.05 each. Overall diagnostic accu-
racy of the new color test was 89.71% (122/136) with sta-
tistically significant p value <0.05. Likelihood ratio posi-
tive of our test is 14.50, and likelihood ratio negative is
0.16 at significant p value <0.05. Positive predicted value
of 93.55% showed that probability to the correct predic-
tion of true positive results from its own positive predict-
ed results would be 93.55% and negative predictive value
of 86.49% showed that probability to the correct predic-
tion of true negative results from its own negative pre-
dicted results would be 86.49% (each p < 0.05) (Table 2).

Figure 1b illustrates the sequential schematics of pro-
cess of the developed test. The color of the gold colloid
solution is dependent on the aggregation property of
AuNPs in suspension [13, 14]. Generally, in aqueous so-
lution, gold colloids remain stabilized by the coating of
negatively charged citrate ions [15] and have visible ap-
pearance of pink color (Fig. 1b). The same phenomenon
was observed in our experiments when RdRp oligo probe
adsorbed and protected the salt-induced aggregation of
colloid in the absence of target RNA (NTC) (Fig. 2a, Grey
curve). Except for the reduced intensity of the absorption
spectrum, which was due to dilution of the colloid (Fig. 2a,
Grey curve), NTC and AuNP assays showed no change.
Unlike dsDNA, inherent structural flexibility of ssDNA/
RNA to partially uncoil its bases, exposing them to
AuNPs, generates the attractive electrostatic forces caus-
ing them to allow over colloids and giving protection
against electrostatic interaction causing salt-induced ag-

RNA-Based Assay for Rapid Detection of
SARS-CoV-2
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Fig. 3. Specificity of developed assay to detect SARS-CoV-2 RNA.
Nasopharyngeal-RNA from COVID-19 subject (positive control),
and a cervical DNA sample from HPV (nonspecific target control)
infected women were tested. a Comparative absorption spectra for
no target control (NTC, Grey curve), positive control (Brown
curve), and nonspecific target control (HPV, Yellow curve). b Op-
tical pictures demonstrate that the colloid color from pink to blue
changes only in the vial with the positive control (middle vial),
while the color remained pink in the vial with NTC (left vial) or
HPYV (right vial).

gregation [16]. In this assay, the colloid color changes in
visible range from pink to blue indicate the formation of
hybridized product (Fig. 2b, c, 3). Broadening of the peak
with red-shift (~30 nm) was observed in the spectrum of
aggregated colloids than non-aggregated, confirms the
success of developed assay for detection of an unampli-
fied target with unmodified colloids in a quick and facile
way. The principle of binding oligo probe was indepen-
dently verified using a different template RNA (isolated
from pancreas tissue) and pancreas-specific gene REG3
oligo probe in a separate assay. This assay also resulted in
a similar change in color and absorption spectra as opti-
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mized earlier for SARS-CoV-2 RNA and RdRp oligo
probe. It established the working principle and specificity
of the test (online suppl. Fig. S1).

We determined the cross-reactivity using a cervical-
DNA sample from women diagnosed with HPV infection
(nonspecific target control). No color change of gold col-
loids was observed with HPV DNA, indicating no hybrid-
ization, and specificity of the developed assay (Fig. 3b,
right vial). Contrary to HPV DNA-negative control and
NTC, a positive control sample shows development of
blue color (Fig. 3b, middle vial). Absorption spectrum (of
colloids) with HPV DNA-negative control exhibited
characteristics similar to that of NTC, and no red-shift or
peak broadening as found with positive samples (Fig. 3a).
Cross-reactivity of the developed assay with other respi-
ratory viruses is warranted. However, we do not antici-
pate the same as the test utilizes the detection of the RARp
gene of the SARS-CoV-2 virus. The oligo probe sequence
used in our assay is not complementary to any human
mRNAs and other members of the SARS family, as veri-
fied by BLAST using the NCBI database [10]. IVT synthe-
sized SARS-CoV-2 RNA ranging from 0.1 to 5 ng result-
ed in color difference at 0.1 ng, compared to NTC, is bare-
ly visible with naked eyes (Fig. 4b extreme left vial).
However, the absorption spectra of colloids show a clear
red-shift with peak broadening up till 0.5 ng target RNA
(Fig. 4a).

6 Intervirology
DOI: 10.1159/000522337

We also determined the assay sensitivity using differ-
ent dilutions (1-0.1 ng) of PCR-amplified synthetic DNA
(positive control, with COVID-19 control kit). Similar to
IVT synthesized RNA, a decreasing amount of DNA
(from 1 to 0.1 ng) show a gradual change in colloid color
from blue to light pink (left to right, Fig. 4d). A clear red-
shift with peak broadening reflects in the absorption
spectra of colloids recorded with control DNA, compared
to NTC (Fig. 4c). Accordingly, positive control showed a
clear visual demarcation up to 0.5 ng amount, compared
to NTC (Fig. 4d). A similar recent approach utilizes thiol
capped AuNPs to detect N-gene of the SARS-CoV-2 gene
in a cellular system [9]. However, for the detection of
SARS-CoV-2 RNA in human samples, the N-gene has re-
portedly inferior analytical power than the RdRp gene
[10]. Thus, it would be essential to know the assay’s per-
formance, developed by Moitra et al. [10] with clinical
samples. A preprint version of this article is available on
BioRxiv [17].

Conclusion

We have successfully developed an affordable AuNPs-
based colorimetric test for the rapid detection of SARS-
CoV-2 RNA in humans. The assay can detect up to 0.5 ng
of SARS-CoV-2 RNA. The turnaround time of our assay
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is less than 30 min. Moreover, the developed test will be
helpful for mass screening, as it does not require sophis-
ticated equipment. However, while analyzing the clinical
samples, we observed the assay works best with the fresh-
ly isolated RNA samples. In addition, pH and salt concen-
tration in the elution buffer, used for RNA isolation, may
affect the result and hence optimization may be needed
when using a different kit for RNA isolation.
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