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The outbreak of new coronavirus disease (COVID-19) has quickly spread all over the world. Real time

reverse transcriptase polymerase chain reaction (rRT-PCR) for nucleic acid detection has become the

standard method for clinical diagnosis of COVID-19 infection. But these rRT-PCR tests have many

inherent limitations, and carry a high false negative rate. It is an urgent to develop a method to

accurately identify the vast infected patients and asymptomatic viral carriers from the population. In this

article, we present the principle and procedure of developing a colloidal gold immunochromatographic

assay (GICA) for rapid detection of COVID-19-specific antibodies. The detection kit can be used to

detect immunoglobulin M (IgM) and IgG of COVID-19 in human blood samples within 15 minutes, and to

identify different stages of viral infection. Test results can be digitalized using an office scanner and a FiJi

software with appropriate confidence interval (CI) setting. Based on analysis from 375 samples, we

calculated that overall sensitivity and specificity of the assay were 95.85% and 97.47%, respectively.

Compared with rRT-PCR, this assay has many advantages including convenience and rapid detection.

The detection kit can be widely used in hospitals, clinics and laboratories for rapid screening of both

symptomatic and asymptomatic COVID-19 carriers in large scale.
1. Introduction

In December 2019, there were many cases of pneumonia with
unknown etiology in Wuhan, China.1 The patients' clinical
manifestations were very similar to SARS-CoV in 2003 (ref. 2)
and MERS-CoV in 2012.3 The later genomic sequencing
conrmed that the pathogen is a new type of coronavirus. The
International Committee on Taxonomy of Viruses (ICTV) clas-
sied it as “severe acute respiratory syndrome coronavirus 2”
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(SARS-CoV-2), and it was officially named as COVID-19 by the
World Health Organization (WHO) and the International
Society for Infectious Diseases (ISID).4 At present, the COVID-19
infection has been listed as the Public Health Emergency of
International Concern (PHEIC).5 Up to date, COVID-19 has
spread all over the world, withmore than 3.76million diagnoses
and 264 000 deaths (Google data on May 7). In this context,
most countries have laid different regulation policies and strict
quarantine measures to suppress the infection transmission.
However, the rapid spread and nonselective infection of COVID-
19 is oen fatal for patients with severe underlying diseases.6

Facing this sudden strike, the serious medical resource
shortage and insufficient Personal Protective Equipment (PPE)
have become the insurmountable difficulties for CoIVD-19
infection control and the health care systems are in the edge
of collapse in many countries.

Facts have proven that earlier detection, report, isolation,
diagnosis and treatment are useful strategies in COVID-19
patient treatment.7 As we all know, real time reverse tran-
scriptase polymerase chain reaction (rRT-PCR) for nucleic acid
detection, CT imaging and parameter changes in blood have
been important indies for clinical diagnosis of COVID-19, and
high-throughput sequencing of viral nucleic acids can be used
as the “gold standard” for COVID-19 diagnosis.8 Various
countries and companies have developed a variety of rRT-PCR
test kits, some of them have been certied by the China CDC or
RSC Adv., 2020, 10, 28041–28048 | 28041
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the FDA of USA. However, these technologies including
genomic sequencing and rRT-PCR have some inherent limi-
tations, including long time testing, expensive equipment, the
need of certied laboratories and the well trained staff, etc.9

Moreover, the rRT-PCR for COVID-19 is oen interfered by
many uncontrolled factors, such as sample quality, RNA
extraction, resulting in high false negative rate (the positive
rate of rRT-PCR for SARS-CoV was 50–79%).10 These reasons
make the use of rRT-PCR unsuitable for a quick screening of
the infected patients from healthy people on the spot, and in
the large scale population. The most concerning problem is
the incapability of the current global nucleic acid detection to
meet the demands of large scale population screening.
Therefore, it is urgent to expand the type and number of test
kits to close the gap made by the deciency of rRT-PCR.

In this background, an accurate, rapid and sensitive test
method is needed to quickly identify the large number of
COVID-19 infected patients and asymptomatic carriers to
prevent the widespread of the COVID-19, and ensure that the
infected patients obtain the effective treatment on time. Since
COVID-19 and SARS-CoV belong to the same family, the trans-
mission route and infection symptoms are very similar.11

Therefore, we speculate that the rst defensive line of immune
globulin M (IgM) against COVID-19 appears at 1–6 days aer
infection.12 The high affinity IgG, which is essential for long-
term protection and immune memory, appears at 8 days aer
infection.13 In addition, IgM can early resist the invasion of
COVID-19 to multiple organs in the human body, and the
appearance of IgM indicates recent exposure to COVID-19. The
appearance of IgG indicates the patient has been exposed to the
virus for a period of time, and the body has developed strong
immunity to against COVID-19. Therefore, the rapid detection
of IgM and IgG can provide information of timeline and stage of
infection, and supply the references for COVID-19 large scale
screening, diagnosis and treatment, as well as references of
appropriate protection for healthcare staff.

The “Chinese Clinical Guidance for COVID-19 Pneumonia
Diagnosis and Treatment (7th edition)”8 issued by the National
Health Commission (NHC) of China on March 4, 2020 has
recommended that any suspicious cases with positive IgM and
or IgG antibodies can be identied as COVID-19 conrmed
cases.14 However, there are many kinds of IgM/IgG detection
products in the market, and the sensitivity and specicity data
are insufficient. Currently, still are missing detailed informa-
tion and referable publications about how to determine positive
or negative, and how to improve the specicity and accuracy of
IgM/IgG combined detection.

As the AuNPs have size-dependent diffusion rate, the smaller
particle size and narrow size distribution are preferable for
almost all applications. What's more, the smaller particle size
has the higher specic surface area, which facilitates the more
protein conjugation, as well as the improved detection sensi-
tivity. Based on these contexts, we developed a colloidal gold
immunochromatography kit with smaller AuNPs for the specic
detection of IgM and IgG antibodies of COVID-19 in human
blood sample within 15 minutes. In order to evaluate its
sensitivity, specicity, accuracy and clinical effectiveness, we
28042 | RSC Adv., 2020, 10, 28041–28048
tested the kit at the designated hospital for patients with
COVID-19 infection. The results showed that the rapid test kit
has high sensitivity and specicity for the IgM/IgG detection of
COVID-19. Combined with our simple data analysis method, it
can be used in hospitals, clinics and laboratories, which make it
a powerful force against the global threat of COVID-19.

2. Material and methods
2.1 The materials for producing the COVID-19 IgM/IgG test
kit

The COVID-19 nucleocapsid recombinant antigen ncov-ps-Ag8,
anti-human IgG (#8) and anti-human IgM were purchased from
Fapon Biological Company, Shenzhen, China. The antigen
design is based on the published sequence of COVID-19, and
several different antigen designs have been tested and optimized,
and Ag8 was nally selected for the product manufacture. Bovine
serum albumin (BSA) was purchased from sigma. Rabbit IgG
(D110502-0010) and goat anti-rabbit IgG (D111018-0001) anti-
bodies were purchased from Sangon Biotech, Shanghai. Nitro-
cellulose (NC) membrane was provided by Merck Millipore.
Ahlstrom Advanced Filtration and PVC substrate were purchased
from Joey Bio, Shanghai. Gold chloride trihydrate (G141105),
sodium citrate (S116131), potassium carbonate (P112404) and
polyethylene glycol (PEG, MW 20,000, P103730) were purchased
from Aladdin, Shanghai, China.

2.2 Preparation of the 40 nm Au nanoparticles (AuNPs)

2ml of 0.02% (w/w) gold chloride trihydrate aqueous solution was
added to 98ml of deionized water andmixed evenly. Aer heating
to boiling, 2 ml of 2% (w/w) sodium citrate aqueous solution was
added to the heating system quickly and kept boiling for 20 min.
Aer cooling to room temperature (RT), colloidal AuNPs with
a hydrated diameter about 40 nm were obtained.

2.3 Preparation and purication of AuNPs conjugations

The AuNP–Ag8 conjugations: 140 ml 0.2 M K2CO3 solution was
added to 12 ml AuNPs solution (OD ¼ 1.6) to adjust the pH to
8.5. Then, 120 mg of ncov-ps-Ag8 in 1 ml PBS was added to
AuNPs solution, incubated and stirred at RT for 30 min. Aer
that, 0.4 ml of 200 mg ml�1 BSA aqueous solution was added to
the system to block the excessive antigen binding epitopes on
AuNPs surface, and incubated at RT for another 15 min. Aer
that, 0.4 ml of 200 mg ml�1 PEG aqueous solution was added to
the system and incubated at RT for extra 30 min. The mixture
was then centrifuged at 4 �C and 3000 rpm for 10 min, the
supernatant was collected and recentrifuged at 9000 rpm for
another 30 min, and the precipitate was collected. The precip-
itate was resuspended in 12 ml of 1 mg ml�1 BSA solution and
recentrifuged at 4 �C and 9000 rpm for 30 min. The nal
precipitate was collected and resuspended in PBS buffer. The
identical procedure was used to prepare and purify the AuNP–
rabbit IgG conjugation. Finally, the AuNP–Ag8 and AuNP–
rabbit-IgG were mixed evenly at 2 : 1 (v/v), and sprayed in
15 ml cm�1 to the conjugation pad (details of the optimization
process in ESI, S1†).
This journal is © The Royal Society of Chemistry 2020

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra04107f


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

8 
Ju

ly
 2

02
0.

 D
ow

nl
oa

de
d 

on
 8

/6
/2

02
4 

5:
58

:1
6 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
2.4 Preparation of COVID-19 IgM/IgG rapid test strip

The test strip is composed with ve parts, including PVC
substrate, sample pad, conjugate pad, absorption pad and NC
membrane. The following procedures were followed to prepare
the test strip. Firstly, the NC membrane were connected to the
PVC substrate, and the anti-human IgM, anti-human IgG and
anti-rabbit IgG were sprayed to the areas of M, G and C posi-
tion of the NC membrane respectively. Secondly, the mixture
of AuNP–Ag8 and AuNP–rabbit-IgG conjugate were sprayed to
Ahlstrom Advanced Filtration to prepare the conjugation pad.
The sample pad was pretreated with BSA (1%, w/v) and Triton
X-100 (2%, w/v). Aer preparation and assembling of all
components, the assembled card was loaded into the CNC
precision cutting machine, and the strip was cut with a width
of 4 mm. At last, the strip was loaded into the plastic holder to
nish the test strip preparation (details of the optimization
process in ESI, S1†).
2.5 Patient and sample collection

This study is a retrospective observation that included the
patients admitted to COVID-19 designated hospital from Feb. 6
to March 10, 2020. According to the national guidance,8 the
specimen collection including whole blood and pharyngeal
swab, as well as serology and RT-PCR tests, all were carried out
in the biosafety level (BSL-) 2 laboratory, and the BSL-3 PPE was
used throughout all the process. All of the testingmaterials were
treated as infectious medical waste. Aer examination, the
waste was processed by high-temperature and steam steriliza-
tion, and then treated as medical waste as routine. The 217
patients were all conrmed cases of COVID-19 by rRT-PCR
(Table S1 and ESI S2†). 158 serums of non-COVID-19 patients
(three times rRT-PCR test negative) were used as the negative
control (Table S2†). Approximately 3 ml of whole blood of the
patient were collected, and the serums were separated and for
the IgM/IgG tests immediately. 10 ml of serum was mixed with
60 ml of sample buffer, and pipetted into the sample well. The
sample owed laterally along the NC membrane and reacted
with the antibodies pre-coated on the NC membrane. Aer 10–
15 min, the colored lines appeared at M, G and C positions.
2.6 Results display

The test kit includes a vial of sample buffer (1.5 ml) and 20
individually packaged test strips. The strip has 3 lines, a distal
control line (C), and the proximal IgM line (M) and IgG line (G).
If the sample contained anti-COVID-19 IgM and/or anti-COVID-
19 IgG, these antibodies would specically bound to AuNP–Ag8
that pre-coated on the conjugation pad, and forming the M, G
and C lines.
2.7 Data collection and analysis

Aer the visual observation of the test results, the test strips
were placed on the scanning panel of a Kyocera printer (Ecosys
FS-1020MFP) with a scanning resolution set at 600dpi. Aer
scanning and a tilt correction with the Photoshop soware, the
images were saved as an 8 bit le in .jpg format independently.
This journal is © The Royal Society of Chemistry 2020
The FiJi soware (http://ji.sc/) was used to obtain the color
density and intensity of M, G and C lines.

Take the total date of the three lines of the sample as 100%,
calculate the percentage of M and G peaks, and set the cutoff
value at 95% condence interval (CI). In this study, IgM values
larger than 3% and IgG values larger than 6% were set as the
cutoff values for IgM and IgG respectively. Based on the cutoff
value, to determine the negative or positive of the test results,
the specicity and sensitivity of the rapid test kit were calculated
according to the following formula:

Specificity (%) ¼ 100 � [true negative/(true negative + false

positive)]

Sensitivity (%) ¼ 100 � [true positive/(true positive + false

negative)]

3. Results
3.1 Design and accomplish the IgM/IgG rapid test kit of
COVID-19

The IgG/IgM rapid test kit for COVID-19 applies a colloidal gold
immunochromatography assay (GICA) to determine COVID-19-
specic IgM and IgG antibodies in human serum or plasma
samples. The mechanism of this test is based on the hydration
and capillary transport of solution, and the substances contained
in the solution interact with the reagent pre-coated on the strip.
In this study, we prepared the AuNPs with 40 nm of the hydro-
dynamic size and the maximum absorption at 532 nm (Fig. S1†).
For the optical properties of spherical AuNPs are highly depen-
dent on the diameter, the test strips prepared by this AuNPs have
esh-red detection bonds (40 nm), which is slightly different
from the previously reported GICA strips with color from
burgundy to purple of the detection bonds (80–100 nm).

The mixture of sample and buffer solution migrates on the
NC membrane by capillary action. If the IgM and or IgG of anti-
COVID-19 present in the sample, it would be conjugated to
AuNP–Ag8 of COVID-19 that was pro-coated on the conjugation
pad, and formed the antigen–antibody complex (Ag–Ab, both
IgM and IgG). The complex will be captured by the anti-human
IgM and or anti-human IgG antibodies that were sprayed on the
NC membrane in advance, and forming the M and or G line in
the corresponding area (Fig. 1A and B). It also means the anti-
COVID-19 IgM or anti-COVID-19 IgG or both antibodies were
present in the sample.

The excessive sample solution will continue to move along
the NC membrane and will reach the position of C line, where
the AuNP–rabbit-IgG complex will be captured by pre-coated
anti-rabbit IgG, thereby forming the C line, and will also indi-
cate that the sample has fully migrated throughout the test strip
and conrm the test validity (Fig. 1C). If the control line did not
appear, it meant the test was invalid and the test should be
repeated with another test strip.

Fig. 2 showed the different test results from different
patients, representing several different types of results. The
results showed that neither IgM nor IgG were detected in No. 9
RSC Adv., 2020, 10, 28041–28048 | 28043

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra04107f


Fig. 1 Schematic view of the COVID-19 IgM/IgG rapid test strip. (A) Preparation and principle of COVID-19 IgM/IgG rapid test strip. (B) Assembled
products. (C) Scheme of test results.
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sample, while both IgM and IgG were detected in No. 20 sample.
In No. 27 sample, high concentration of IgG and low concen-
tration of IgM were detected, and instead in No. 30 sample, only
low concentration of IgG was detected.
3.2 The data analysis, the sensitivity and specicity
evaluations of IgM/IgG rapid test kit of COVID-19

Aer digitizing the test results with a scanner, the FiJi soware
was used to analyze the digitized images as follows: le–open,
use the 1st rectangle tool to select the strip image of the rst
sample, and use the ctrl + 1 key to dene sample 1; move the
selection to the images of next test strip (copy automatically),
and use ctrl + 2 to dene the sample 2; the subsequent stripes
are all numbered sequentially by ctrl + 2 until all the test strips
Fig. 2 Representative photos of test results. No. 9, IgM and IgG:
negative. No. 20, IgM and IgG: positive. No. 27, IgM: weak positive, IgG:
positive. No. 30, IgG: weak positive.

28044 | RSC Adv., 2020, 10, 28041–28048
are correctly numbered (Fig. 3A). Analyze–gels–plot lanes, to
draw intensity peak of all strips and the bonds; use the 5th
Straight tool to close the peak of the line (optional assist with
magnifying glass and scrolling tools); use the 8th tracing tool to
click on the peaks that were closed, the data under the peak
appeared, copy the data to the Excel table for later analysis
(Fig. 3A).

Redraw the peak curve: analyze–gels–re-plot lanes, use the
tracing tool to click to the peak line. Try a few times until the
peak line was selected (yellow); analyze–tools–analyze line
graph, to digitize the curve again; save the data in .csv format,
and delete the noise peaks of analysis errors in Excel. The cor-
responding peak curve can be drawn in any digital graphics
soware (Origin, Graphpad Prism, etc. Fig. 3B).

For each test strip, the total amount of the Ag8 conjugated
AuNPs on the conjugation pad is identical in process of the strip
manufacture. Under the premise of the same volume of sample
and buffer were added to the sample well, the total value of the
three bands should be a basic xed value for every test. There-
fore, the peak density and intensity of the IgM and IgG bands
can objectively reect the relative concentration of the IgG and
IgM in the sample. Thus, the quantitative detection can be
achieved. In data analysis, the total peak values of the three
bands were set to 100%, and the percentage of IgM and IgG were
calculated. Within 95% CI, the cutoff values of IgM and IgG
were set as 3% and 6%, respectively. Total of 375 specimens
were tested, including 217 clinical conrmed COVID-19 infec-
tion patients (rRT-PCR test positive) and 158 non-COVID-19
infection patients (three times rRT-PCR test negative). Table 1
summarizes the test results of the patient's serums (details in
Table S1†). The data analysis showed that 208 of 217 COVID-19
samples were positive, with sensitivity of 95.85%. For 40 non-
COVID-19 samples, 1 sample was IgG weak positive with
This journal is © The Royal Society of Chemistry 2020
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Fig. 3 Analysis of the digitalized results. (A) Datamation the density and intensity of peak in digitalized result with FiJi software; (B) import the
intensity curve into Excel to redraw the graphic.

Table 1 The sensitivity and specificity of IgM/IgG rapid test of COVID-
19

Clinical positive
samples

Clinical negative
samples

Sample quantity 217 158
IgG & IgM positive 112 0
IgG positive 208 3
IgM positive 2 1
Sensitivity (%) 95.85
Specicity (%) 97.47
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specicity of 97.47%. It was also found that 51.61% (112 of 217)
positive samples had both IgM and IgG antibodies (Table 1).
Generally, in COVID-19 conrmed cases, the overall positive
rate of IgM was 52.53%. We speculated that these patients had
passed the peak period of IgM when they were admitted to the
Fig. 4 Several consecutive IgM/IgG test results in a patient with modera
software of the test results. (B) Quantitative analysis of IgM and IgG leve

This journal is © The Royal Society of Chemistry 2020
hospital, therefore, the IgM levels had decreased below the
cutoff value, but the overall positive rate of IgG was still in high
level (95.85%).

For the transmission control of infectious diseases and the
treatment of patients, it is important to understand the time
point of infection from clinical specimens. For a COVID-19
patient with moderate clinical symptoms, we performed
a series of IgM/IgG rapid tests from the day of admission (the
second day aer rRT-PCR test positive) and the following three
weeks treatment. The test results were digitized for quantitative
analysis, as shown in Fig. 4. We noticed that the IgM was at
a high level (13.15%) on the day of admission, while the IgG
level was relatively low (28.16%). Aer treatment, the IgM level
decreased rapidly, and the value was below the Cutoff by the 6th

day aer admission. However, the IgG level increased rapidly
(31.50%) on the 6th day of admission, and remained above 45%
in the three consecutive tests. During the clinical rehabilitation
and until the patient was discharged from our hospital, the IgG
te severity after admission. (A) Digitization (inset) and analysis with FiJi
ls at different time points.

RSC Adv., 2020, 10, 28041–28048 | 28045
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Fig. 5 The effects of hyperbilirubinemia and hyperlipidemia on the
test results. (A) Appearance of patient serum. (B) The IgM/IgG rapid test
results of COVID-19. (C) The quantitative analysis results of sample 6,
19 and 35.
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level remained at a relatively high level (60.09%, 20th day). Due
to limited time, we did not conduct more tests of the IgM/IgG
levels of patients aer discharge.
3.3 Interference

A total of 5 cases with hyperbilirubinemia and 9 cases with
hyperlipidemia of conrmed cases were included in this study
(the serum concentrations of the bilirubin, cholesterol and
triglyceride were higher than the normal range, details in Table
S3†), of which the highest values of the samples and the visual
and quantitative results were shown in Fig. 5. The results
manifested that these interfering substances did not affect the
IgM/IgG rapid test results.
4. Discussions

We have developed a rapid IgM/IgG antibody detection kit for
COVID-19. Sensitivity and specicity of this kit have been eval-
uated. Combined with our data analysis method, this kit can
meet the need for rapid COVID-19 detection in any institution
with medium conguration.

In this manuscript, the detailed working documents for the
preparation of the kit are also provided to facilitate any coun-
tries and institutions to develop and manufacture the products
earlier to meet the emergency needs of the current global
pandemic of COVID-19.

Because the COVID-19 recombinant antigen was used in this
kit, the test result is fairly specic for COVID-19. At the same
time, within the titer ranges of positive samples of the COVID-
19 IgM/IgG antibodies, the test results of our products did not
show a hook effect. The sensitivity and specicity of this kit can
reach 95.85% and 97.47%, respectively. However, false negative
results still can be found (Table 1). We speculate the reasons for
the false negative results are as follows: (1) low antibody
concentration. When the IgM and IgG levels are below the limit
(cutoff value) of this kit, the test result will be assessed as
negative. (2) The variation of individual immune response of
COVID-19.

According to the experience of SARS-CoV treatment, the IgM
antibody is the rst defence and can be detected in the serum
28046 | RSC Adv., 2020, 10, 28041–28048
aer 1 to 6 days of infection.13 Aer 8 days, the most abundant
antibody IgG can be detected.13 Based on the results of the
patient with moderate clinical symptoms, we speculate that by
the 6 days of admission, the IgM level had decreased below the
cutoff value (Fig. 4). Since the IgM antibody will decrease and
disappear aer 2 weeks of infection, the single IgM test will lead
to more false negative results and is likely not effective enough.
Because the false negative results will bring more opportunities
to infect other people, we suggest that the multiple and
combined IgM/IgG test should be carry out for the patients and
suspected cases, and the quantitative analysis should be
conduct simultaneously. It means a lot for infection analysis,
avoid false negative results and better control of the
transmission.

Because COVID-19 infections originate from lungs rather
than the upper respiratory tract,1 at the early stage of infection,
the rRT-PCR examination with nasopharyngeal swab or sputum
may not correctly detect the nucleic acid of COVID-19, and this
may be one of the reasons of the higher false negative rate of
rRT-PCR. The rapid COVID-19 IgM/IgG test kit owns multiple
advantages: it can be performed at the bedside, in any clinic or
laboratory, airport or railway station.15 Compared with compli-
cated sample collection of nasopharyngeal swab or sputum for
rRT-PCR, it uses serum or plasma as a test sample, and blood
samples collection is much easier than nasopharyngeal swab.16

Therefore, it can greatly reduce the risk of cross infection for
medical staff. In addition, it is rapid, simple and fast to operate,
does not require expensive equipment or certied laboratories
or specic training, making the large scale screening more
convenient.17

Another potential application of this kit is to screen the
asymptomatic COVID-19 carriers. It is reported that asymp-
tomatic carriers can transmit COVID-19 virus constantly,18 and
this makes the current COVID-19 outbreak control more
complicated because of the lack of convenient test kit or
method to discriminate the asymptomatic carriers from large
crowds.19 This IgG/IgM rapid test kit can also be applied to large
scale screening of patients with asymptomatic infections. Of
course, this rapid test cannot replace rRT-PCR in conrmation
of COVID-19 infection, but it can be used as an alternative
supplement for rRT-PCR. Together with other test results, we
speculate that combining the IgM/IgG rapid test with rRT-PCR,
it can provide more accurate information for the diagnosis of
COVID-19 infection.

Currently, due to the rapid outbreak of COVID-19 and
personal behaviour regulation, we are unable to carry out the
larger range of research activities to cover all genetic mutation-
related antigens, and not yet conducted sufficient tests to verify
the cross-reaction with antibodies of other virus infections
(such as inuenza virus). However, our results have veried that
the most common interfering substances such as bilirubin and
lipid (triglycerides, cholesterol) will not interfere with the test.

Another signicance of this study is the detailed and objec-
tive method for non-naked eye assessment. Due to personal
experience and subjectivity, it will inevitably cause the false
judgments of the test results, especially for the results with low
antibody concentrations. We use an office scanner to digitalize
This journal is © The Royal Society of Chemistry 2020
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the test results, and FiJi soware to quantify the test bands.
Together with the appropriate condence interval (CI), it
effectively avoids the possible mistakes of naked eye judgment.
Of course, if the portable device can be developed to assist the
real-time data analysis, it ensured that more patients or sus-
pected cases can be benet from this kit.

According to current knowledge and information, IVD
companies in several countries are developing or have devel-
oped similar products, including only IgM and IgM/IgG
combination tests. For various reasons, we are unable to
obtain more details about these techniques and performances,
and there are not enough publications for reference. We believe
that with the development of epidemics and better products for
clinical use, more publications about COVID-19 examination
will be available, which will be very helpful for our subsequent
comparative research.

In addition, some limitations must be pointed out in this
study. Firstly, for time limited, the performance and efficiency
of this product was only veried in serum and plasma, the
ngertip blood or venous whole blood have not been fully
evaluated yet. Secondly, only a moderate number of samples
were tested in this study. Because the number of COVID-19
patients has decreased signicantly and scattered in China,
larger-scale tests cannot be performed in a short time. At last,
the interference validation of potential interfering substances,
only a few number cases of bilirubin, cholesterol and triglyc-
eride were veried, the other substances, such as rheumatoid
factor (RF) and antinuclear antibody (ANA) on the product are
on-going.

5. Conclusions

We have used the colloidal gold immunochromatography
technology to develop a kit for rapid COVID-19 IgM/IgG detec-
tion. It only takes 10–15 minutes to generate results that are
visible to the naked eye, without special requirements for
equipment and personnel. With the simple and easy digitali-
zation method, the test results can be semi-quantied and
analysed to determine whether the patient has been infected
with COVID-19 recently. The results indicated that this kit is
sensitive and specic to COVID-19, and showed huge potential
for rapid and large scale screening. At the present stage, it
cannot replace rRT-PCR for nucleic acid examination and
diagnosis, but it can be used as an effective supplementary test
in clinical applications.
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