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Abstract: Background: Since December 2019, there had been an outbreak of COVID-19 in Wuhan, China. At pres-
ent, diagnosis COVID-19 were based on real-time RT-PCR, which have to be performed in biosafe laboratory and is 
unsatisfactory for suspect case screening. Therefore, there is an urgent need for rapid diagnostic test for COVID-19. 
Objective: To evaluate the diagnostic performance and clinical utility of the colloidal gold immunochromatography 
assay for SARS-Cov-2 specific IgM/IgG anti-body detection in suspected COVID-19 cases. Methods: In the prospec-
tive cohort, 150 patients with fever or respiratory symptoms were enrolled in Taizhou Public Health Medical Center, 
Taizhou Hospital, Zhejiang province, China, between January 20 to February 2, 2020. All patients were tested by 
the colloidal gold immunochromatography assay for COVID-19. At least two samples of each patient were collected 
for RT-PCR assay analysis, and the PCR results were performed as the reference standard of diagnosis. Meanwhile 
26 heathy blood donor were recruited. The sensitivity and specificity of the immunochromatography assay test were 
evaluated. Subgroup analysis were performed with respect to age, sex, period from symptom onset and clinical se-
verity. Results: The immunochromatography assay test had 69 positive result in the 97 PCR-positive cases, achieving 
sensitivity 71.1% [95% CI 0.609-0.797], and had 2 positive result in the 53 PCR-negative cases, achieving specificity 
96.2% [95% CI 0.859-0.993]. In 26 healthy donor blood samples, the immunochromatography assay had 0 positive 
result. In subgroup analysis, the sensitivity was significantly higher in patients with symptoms more than 14 days 
95.2% [95% CI 0.741-0.998] and patients with severe clinical condition 86.0% [95% CI 0.640-0.970]. Conclusions: 
The colloidal gold immunochromatography assay for SARS-Cov-2 specific IgM/IgG anti-body had 71.1% sensitivity 
and 96.2% specificity in this population, showing the potential for a useful rapid diagnosis test for COVID-19. Further 
investigations should be done to evaluate this assay in variety of clinical settings and populations. 
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Introduction

In December 2019, there were reports of a 
number of atypical pneumonia cases in Wu- 
han, Hubei province of China, and the cause 
was later determined to be a novel coronavi- 

rus now named SARS-Cov-2 [1]. Since then, it 
had become a pandemic and spread nationally 
as well as to other countries [2].

The SARS-Cov-2 is a new type of coronavirus 
and its nucleic acid sequence is different from 
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those of SARS-CoV and MERS-CoV [1, 3]. Most 
patients with SARS-Cov-2 infection develop 
symptoms of fever, dry cough, dyspnea, myal-
gia, fatigue, headache, and pneumonia. In se- 
vere cases, the disease can rapidly progress 
into acute respiratory distress syndrome, sep-
tic shock, bleeding, and coagulation dysfunc-
tion, metabolic acidosis, and death [4]. Labo- 
ratory tests have shown that the total num- 
ber of white blood cells in patients’ peripheral 
blood was normal or slightly decreased, the 
lymphocyte count was decreased, C-reactive 
protein (CRP) and erythrocyte sedimentation 
rate are increased, and procalcitonin was nor-
mal. Chest CT examination reveals multiple 
small plaques and stromal changes in both 
lungs of patients, and the plaques and stro- 
mal changes can further develop into multi- 
ple ground glass opacity [4-6].

The current standard laboratory test for diag-
nosing COVID-19 is the reverse transcription-
polymerase chain reaction (RT-PCR) to detect 
viral RNAs [7]. However, false negative results 
of RT-PCR may be obtained if sampling was  
not carried out properly. RT-PCR also requires 
sophisticated equipment and high standards  
of laboratory quality-assurance. Given the fast 
pandemic of COVID-19 which has already in- 
fected tens of thousands of people, it is urgent 
to develop a quick and easy-to-use method for 
patients screening. For this purpose, colloidal 
gold immunochromatography test of IgM/IgG 
offers the advantages of widely used, (whole 

assay to evaluate their sensitivity, specificity, 
and seroconversion. The aim of the study was 
to evaluate the potential of these antibodies  
to be used for COVID-19 patients screening. 

Methods

Study design and participants 

We performed this prospective cohort study in 
Taizhou Public Health Medical Center, Taizhou 
Hospital, Zhejiang province, China. Between 
January 20, 2020 to February 2, 2020, we 
identified 150 patients who met the suspect- 
ed COVID-19 case definition according to the 
Diagnosis and Treatment Guideline (trial ver-
sion 5) of China (Figure 1) [8]. A suspected 
COVID-19 case was defined as a pneumonia 
that had related epidemiological history and 
fulfilled two of the three criteria: fever and/or 
respiratory symptoms; imaging manifestations 
of pneumonia; low or normal white-cell count  
or low lymphocyte count. All patient took isola-
tion for at least 2 weeks. Besides, 26 healthy 
blood donors from Taizhou Blood Center were 
also recruited. 

Reference standard of diagnosis

We took the analysis of real-time reverse-tran-
scription-polymerase chain-reaction (RT-PCR) 
assay for COVID-19 as the reference standard 
of diagnosis. At least two different samples 
were obtained from each patient. If the PCR 

Figure 1. Flow of enrolled suspected COVID-19 patients. Abbreviation: CO-
VID-19 = Coronavirus disease-19. 

blood, serum and plasma can 
be detected), simple opera-
tion (no professional technical 
personnel required for equip-
ment), fast detection (10-15 
minutes for the whole pro-
cess) and low cost. 

In this study, 150 suspected 
case of COVID-19 were en- 
rolled in Taizhou Public He- 
alth Medical Center, Taizhou 
Hospital of Zhejiang Province, 
China. The clinical record for 
each patient was complete. 
The SARS-Cov-2 specific IgM/
IgG antibodies in the peri- 
pheral blood of the patients 
were examined by colloidal 
gold immunochromatography 
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result was inconclusive, then repeated sample 
collection was required. 

A patient with at least one positive RT-PCR re- 
sult (CT threshold <37) was defined as PCR po- 
sitive, and was clinically confirmed COVID-19 
diagnosis. Patient with two consecutive nega-
tive RT-PCR results (CT threshold >40) was de- 
fined as PCR negative, but exclusion of COVID-
19 could not be made merely based on PCR 
results as the sensitivity of current RT-PCR 
analysis for COVID-19 is still unsatisfactory. In 
this study, a PCR negative patient would be fur-
ther diagnosed as non-COVID-19 if the symp-
tom could be well explained by identified condi-
tion or infection of the patient and recover after 
corresponding treatments. Other PCR negative 
patients were considered inconclusive.

The severity of patients with confirmed COVID-
19 were categorized into ordinary and severe.  
A severe case was defined as a case met  
any of the following: 1. Respiratory distress, 
RR≥30/min; 2. In resting state, oxygen satura-
tion ≤93%; 3. Partial arterial oxygen pressure 
(PaO2)/oxygen absorption concentration (FiO2) 
≤300 mmHg.

This study obtained approval from the Medical 
Ethics Committee of Taizhou Hospital, Zhejiang 
province of China, and informed consent was 
obtained from each enrolled subject.

Procedure

For each participant, exposure history, clinical 
symptoms (including fever, cough, fatigue, diar-

rhea, dizziness, chest tightness), chest compu- 
ted tomographic (CT), and comorbidities were 
collected. Disease onset date was defined as 
the day when symptoms were noticed. 

For each participant, 3 mL of peripheral venous 
blood was collected; serum samples were col-
lected from the blood. Nasopharyngeal and 
oropharyngeal swab samples were collected 
and sent to referral laboratory for RT-PCR test. 
If the RT-PCR result was negative or indeter-
mined, a repeated sample collection and PCR 
test would be performed by CDC, Taizhou. All 
patients would be quarantined for at least 2 
weeks according to the clinical guideline of 
China.

Blood samples of participants were tested for 
IgM/IgG antibodies against COVID-19 using the 
colloidal gold immunochromatography antibody 
detection kit (Shanghai Outdo Biotech Co. Ltd, 
China, LOT: 20200101). The results of interpre-
tation was showed in Figure 2. The sera were 
incubated at 56°C for 30 minutes to heat-inac-
tivate viruses before serological analysis.

Statistical analysis

Sample size estimates were based on the num-
ber of positive (confirmed COVID-19) and nega-
tive (exclude COVID-19) cases to achieve a 95% 
CI of the sensitivity and specificity estimates up 
to 10%. Categorical variables were described 
as frequency rates and percentages, continu-
ous variables were described using mean stan-
dard deviation or median and interquartile ran- 

Figure 2. The colloidal gold immunochromatography results and interpretation. The appearance of two lines indi-
cates a positive result, whereas a valid negative test produces only the control line. Intensity of antibody: 0=IgM/IgG 
negative, 1=IgM/IgG weakly positive(±), 2=IgM/IgG +, 3=IgM/IgG ++, 4=IgM/IgG +++. 
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ge (IQR) values as appropriate. The continuous 
variable data were compared using indepen-
dent t-test when the data were normally dis- 
tributed; otherwise, the Mann-Whitney test  
was conducted. The categorical variables were 
compared using a χ2 test or fisher’s exact test. 
95% CI for proportions were calculated using 
the Clopper-Pearson exact binomial method. 
Subgroup analysis of the sensitivity and speci-

Comparing the PCR positive and PCR negative 
groups, some characteristics seemed to asso-
ciate with the presence of COVID-19, including 
age ≥35, related exposure history, ground glass 
opacity in chest CT, fever, comorbidities like 
diabetes. However none of these characteris-
tics showed high enough specificity, which illus-
trated the difficulty of differential diagnosis in 
the suspect COVID-19 cases.

Table 1. Clinical characteristics of patients

Characteristics PCR Positive 
group (n=97)

PCR Negative 
group (n=53)

P  
Valuea

Sex - n (%) 0.615
    Male 59 (60.8) 30 (56.6)
    Female 38 (39.2) 23 (43.4)
Median age (IQR) - years 38.0 (46.0-56.0) 32.0 (20.0-42.5) 0.000
Age group - n (%) 0.055
    ≤35 17 (17.5) 31 (58.5)
    36-55 54 (55.7) 15 (28.3)
    56-65 17 (17.5) 4 (7.5)
    >65 9 (9.3) 3 (5.7)
Period from symptom onset - n (%) 0.004
    0-7 days 40 (41.2) 50 (94.3)
    8-14 days 33 (34.0) 3 (5.7)
    ≥15 days 24 (24.7) 0 (0.0)
Clinical severity - n (%) -
    Ordinary 76 (78.4) -
    Severe 21 (21.6) -
Wuhan exposure - n (%) 75 (77.3) 25 (47.2) 0.000
Chest CT - n (%) 0.000
    Ground glass opacity 95 (97.9) 27 (50.9)
    Normal 2 (2.1) 26 (49.1)
Clinical symptoms - n (%)  
    Fever 71 (73.2) 30 (56.6) 0.038
    Cough 19 (19.6) 23 (43.4) 0.002
    Fatigue 3 (3.1) 3 (5.7) 0.740
    Dizziness 3 (3.1) 2 (3.8) -
    Chest tightness 3 (3.1) 6 (11.3) 0.095
    Diarrhea 2 (2.1) 1 (1.9) -
Underlying comorbidities - n (%)
    Hypertension 16 (16.5) 9 (17.0) 0.939
    Diabetes 7 (7.2) 1 (1.9) 0.313
    Tuberculosis 2 (2.1) 0 (0.0) 0.540
    Malignancy 2 (2.1) 0 (0.0) 0.540
    Chronic liver disease 3 (3.1) 0 (0.0) 0.494
    Other chronic disease 17 (17.5) 8 (15.1) 0.702
    No comorbidity 53 (54.6) 35 (66.0) 0.175
aP values indicate differences between PCR Positive group and PCR Negative group. 
P<0.05 was considered statistically significant.

ficity were performed with 
respect to age, sex, peri-
od from symptom on- 
set and clinical severity. 
Statistical analyses were 
performed using the SP- 
SS (version 22.0), GraPh- 
pad Prism 7.0 software 
and R 3.5.1. P values 
≤0.05 were considered 
statistically significant. 

Results

Clinical characteristics

The clinical characteris-
tics of the 150 suspec- 
ted COVID-19 cases, gr- 
ouped into 97 PCR posi-
tive cases (COVID-19 con-
firmed) and 53 PCR nega-
tive cases (COVID-19 not 
confirmed), were demon-
strated in Table 1.

Among the 97 COVID- 
19 patients, there were 
59 males (60.8%) and  
38 females (39.2%); The 
median of age was 46 
(IQR, 38-56); 75 (77.3%) 
patients had histories of 
exposure in Wuhan; 21 
(21.6%) had severe clini-
cal condition; Chest CT  
of 95 patients (97.9%) 
showed ground glass op- 
acity; Fever (73.2%) and 
cough (19.6%) were the 
most common sympto- 
ms; hypertension (16.5%) 
and diabetes (7.2%) we- 
re the most common 
comorbidity conditions. 
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Diagnostic performance of immunochromatog-
raphy assay for SARS-Cov-2 specific IgM/IgG

In 150 suspect COVID-19 cases, the colloidal 
gold immunochromatography assay showed (as 
in Table 2) the sensitivity 71.1% [95% CI 0.609-
0.797], specificity 96.2% [95% CI 0.859-0.993], 
positive predictive value 97.2% [95% CI 0.893-
0.995] and negative predictive value 64.6% 
[95% CI 0.529-0.748] taking the RT-PCR results 
as the reference standard. In the 26 blood sam-
ples of healthy donors, the immunochromatog-
raphy assay gave 0 positive result, achieving 
specificity 100% [95% CI 0.868-1.000].

We also compared the sensitivity of immuno-
chromatography assay in different subgroups. 
The subgroup analysis results were shown in 
Figure 3. The sensitivity of assay increased sig-
nificantly along with the symptom duration, 
namely 55% in 0-7 days, 73% in 8-14 days and 
96% after 14 days. Besides, the sensitivity of 
assay was also higher in the male (76.3%) than 
in the female (63.2%), higher in patients older 
than 65 (100%) than in other age groups, high-
er in patients with severe clinical condition 
(86%). Limited by the sample size, these asso-

discharge. The immunochromatography assay 
results and inpatient days of these 28 patients 
were shown in Figure 4A. There was no signifi-
cant difference in the days after the onset of 
symptom in antibody intensity (P>0.05). Their 
antibody intensity between this finding sug-
gested the immunochromatography assay a 
useful tool in epidemiological survey and sur- 
veillance.

Three patients underwent the serosurveillance 
during the quarantine. Their antibody intensity 
assessed by the semi-quantitative reading of 
immunochromatography assay was shown in 
Figure 4B. It implied that both the seropreva-
lence and intensity of SARS-Cov-2 specific IgM/
IgG grew in the course of disease.

Among the 97 COVID-19 patients, seroconver-
sion was observed on day median 9 (5-14.5) 
from the onset of symptom. In the 21 patient 
with severe clinical conditions, the seroconver-
sion was observed on average later than those 
without severe clinical conditions (15 (9-18.5) 
days vs 8 (4-13.7) days) (P=0.004) (Figure 4C). 
Therefore the antibody detection may serve as 
an potential prognositic factor of the COVID- 
19.

Table 2. Diagnostic performance of the immunochromatography assay test versus RT-PCR reference 
standard

RT-PCR
Sensitivity (95% CI) Specificity (95% CI) Positive predictive 

value (95% CI)
Negative predictive 

value (95% CI)Positive Negative
Specific IgM/IgG Positive 69 2 0.711 (0.609-0.797) 0.962 (0.859-0.993) 0.972 (0.893-0.995) 0.646 (0.529-0.748)

Negative 28 51

Total 97 53
Abbreviation: RT-PCR = reverse transcription-polymerase chain reaction RT-PCR; CI = confidence interval.

Figure 3. Sensitivities of immunochromatography assay in different sub-
groups. Abbreviation: CI = confidence interval.

ciation was not statistically 
significant, which required fur-
ther investigation. 

Seroconversion time of spe-
cific IgM/IgG in COVID-19 
patients 

To better understand the anti-
body response against COVID-
19, we also performed immu-
nochromatography assay test 
for the 97 confirmed COVID-
19 patients during the follow-
up. Among the 28 COVID-19 
cases with antibody negative 
at the enrollment, 27 turned 
to be antibody positive before 
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Discussion  

We used and evaluated a convenient colloidal 
gold immunochromatography assay to detect 
IgM/IgG specific to COVID-19 employing syn-
thetic antigens of the S, M, and N proteins of 
COVID-19. Serous diagnostic tests such as 
rapid detection of antiviral antibodies or viral 
antigens had been widely used in many clinical 
laboratories [9-11]. The current standard labo-
ratory test for diagnosing COVID-19 infection is 
to use reverse transcription-polymerase chain 
reaction (RT-PCR) for viral genomic RNA [7, 12]. 
However, RT-PCR is relatively time-consuming, 
expensive and has high requirements for labo-
ratory. Current clinical observations indicate 
that the sensitivity and reliability of RT-PCR are 
unsatisfactory for COVID-19. These defects of 
RT-PCR may hinder the infection control efforts. 
Thus, a rapid and accurate assay for COVID-19 
screening or diagnosis which can be used in 
local hospital is highly desired. The Colloidal 
gold immunochromatography assay has ad- 
vantages of time saving (10-15 min), relatively 
cheap and easy to use, making it a suitable 
candidate of rapid screening assay for the cur-
rently widespread COVID-19 infection which th- 
reating the world. To our knowledge, this was 
the first study to evaluate the diagnosis perfor-
mance and clinical utility of IgM/IgG test for 
COVID-19 in hospital setting. 

In this study, we found that the IgM/IgG test 
assay demonstrated high sensitivity 71.1% 
[95% CI 0.609-0.797] and specificity 96.2% 
[95% CI 0.859-0.993] in 150 suspect COVID-
19 cases taking RT-PCR result as reference 
standard. In addition, considering the imper-

fect sensitivity of the reference standard (RT- 
PCR), it was probable that the two inconclusive 
cases with positive antibody result and nega-
tive PCR result were actual COVID-19 cases 
omitted by current diagnosis protocol.

Our findings also provided insights to the anti-
body response in COVID-19 patients. We found 
that the sensitivity of antibody assays as well 
as the antibody density both increased along 
with the course of disease. The sensitivity for 
patients within 7 days from onset of symptom 
was 55.0% and for patients after 14 days after 
onset of symptom was 95.8% which was infor-
mative for the application of antibody dection  
in epedimiolgical survey and surveillance. Be- 
sides, seroconversion time and antibody den-
sity may also serve as a prognositic factor of 
COVID-19.

In general, the colloidal gold immunochro-
matography assay for COVID-19 IgM/IgG had 
high sentivity and specificity. It provided a fast 
and accurate diagnostic method that can be 
used as a triage test before nucleic acid analy-
sis in several important scenarios for COVID-19 
infection control: diagnosing the patients with 
fever of unknown origin in outpatient and emer-
gency department in area of COVID-19 spread-
ing; managing suspect cases or close contacts 
of confirmed cases under quarantine; and scr- 
eening patients with asymptomatic infection 
which may be of particularly importance for 
COVID-19. This study was a single center hospi-
tal based study and therefore mainly represent 
the local situation. Multi-center research was 
required to furher evaluate the diagnostic per-
formance in variety of population, prevalence 

Figure 4. Time of seroconversion from onset of symptoms in patients infected with COVID-19. A. Scatter diagram of 
antibody level distribution in 28 patients one day before discharge. B. Seroconversion in patients 1, 2, 3. C. Appear-
ing time of IgM/IgG. Intensity of antibody: 0=IgM/IgG negative, 1=IgM/IgG weakly positive(±), 2=IgM/IgG +, 3=IgM/
IgG ++, 4=IgM/IgG +++. P<0.05 was considered statistically significant. Abbreviation: COVID-19 = Coronavirus dis-
ease-19.
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and clinical setting, and to understand the anti-
body response in COVID-19. 
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