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A B S T R A C T   

Objectives: We evaluated a rapid chromatographic immunoassay (IgG/IgM antibodies) and an ELISA assay to 
diagnose COVID-19 in patient sat two Brazilian hospitals. 
Methods: A total of 122 subjects with COVID-19 were included: 106 SARS-COV-2 RT-PCR-positive patients and 
16 RT-PCR-negative patients with symptoms and chest computed tomography (CT) consistent with COVID-19. 
Ninety-six historical blood donation samples were used as controls. Demographic and clinical characteristics 
were retrieved from electronic records. Sensitivity and specificity were calculated, as were their 95% binomial 
confidence intervals using the Clopper-Pearson method. All analyses were performed in R version 3.6.3. 
Results: The sensitivity of the chromatographic immunoassay in all RT-PCR-positive patients, irrespective of the 
timing of symptom onset, was 85.8% (95% binomial CI 77.7% to 91.9%). This increased with time after symptom 
onset, and at >14 days was 94.9% (85.9% to 98.9%). The specificity was 100% (96.4% to 100%). 15/16 (94%) 
RT- PCR-negative cases tested positive. The most frequent comorbidities were hypertension and diabetes mellitus 
and the most frequent symptoms were fever, cough, and dyspnea. All RT-PCR-negative patients had pneumonia. 
The most frequent thoracic CT findings were ground glass changes (n = 11, 68%), which were bilateral in 9 
(56%) patients, and diffuse reticulonodular infiltrates (n = 5, 31%). 
Conclusions: The COVID-19 rapid chromatographic immunoassay evaluated in this study had a high sensitivity 
and specificity using plasma, particularly after 14 days from symptom onset. ELISA and qualitative rapid 
chromatographic immunoassays can be used for the diagnosis of RT-PCR-negative patients.   

1. Background 

Brazil is the epicenter of the COVID-19 pandemic in Latin America. 
As of 29th May 2020, there had been 555,383 confirmed cases and 
31,199 deaths [1–2]. There is little data on the use of serology assays for 
the investigation of patients with COVID-19 in Brazil [3]. The current 

gold standard for COVID-19 diagnosis is real-time reverse transcription 
polymerase chain reaction (RT-PCR)[4–5]. The accuracy of this method 
depends on the viral load at the collection site and on time from 
symptom onset [4–6]. 

Detection of antibodies, especially IgA and IgM, which are produced 
early after the onset of infection, may be an important tool when 
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combined with RT-PCR to improve sensitivity and diagnostic accuracy 
[5–10]. Several qualitative rapid chromatographic immunoassays (RCI) 
have been developed and used in different countries. However, the test 
characteristics vary widely, with reported sensitivities ranging from 
20% to 93%[11–12]. 

The aim of this study was to evaluate an RCI (Wondfo-China) to di
agnose COVID-19 in inpatients in two Brazilian hospitals. We further 
compared the results with those obtained with an ELISA (Euroimmun – 
Germany). 

2. METHODS 

2.1. Study design 

This is a prospective multicenter cohort of COVID-19 hospitalized 
patients at two Brazilian Hospitals: Hospital das Clínicas da Faculdade de 
Medicina da Universidade de São Paulo (HC-FMUSP), a public teaching 
hospital with 2,000 beds; and Hospital Sírio-Libanes (HSL), a private 400- 
bed hospital. Both hospitals are located in Sao Paulo. 

2.2. Patient population 

We included a group of hospitalized patients and healthcare workers 
(not requiring hospitalization) with a positive SARS-CoV-2 RT-PCR, as 
well as a group of patients with negative RT-PCR but a clinical COVID-19 
diagnosis based on highly suggestive symptoms and chest computed 
tomography (CT) findings. Demographic and clinical characteristics – 
including age, sex, comorbidities and presenting symptoms – were 
retrieved from electronic health records. The database was built using 
the Epi Info software (CDC, Atlanta, GA). 

3. RT-PCR 

Respiratory samples were obtained from both the nasopharynx and 
oropharynx using rayon swabs. RNA was extracted from clinical samples 
with an automated method using magnetic beads (mSample Preparation 
System RNA, Abbott, Illinois, USA). SARS-CoV-2 RNA reverse tran
scription, amplification, and detection were performed using an adapted 
protocol, as described elsewhere [11–12]. An assay detecting the E gene 
was used as the first-line screening tool, followed by confirmatory 
testing with an assay detecting the N gene. 

3.1. Serology 

We tested all patient and control samples using an ELISA (Euro
immun-Lübeck, Germany) that detects anti-SARS-CoV-2 IgA and IgG 
antibodies, as well as an RCI (Wondfo-China) that detects anti-SARS- 
CoV-2 IgG/IgM. 

3.2. ELISA assay 

The ELISA assays, which detect anti-SARS-CoV-2 S1 IgG and IgA, 
were performed according to the manufacturer’s protocol. We detected 
optical density (OD) at 450 nm and calculated a ratio of the reading of 
each sample to the reading of the calibrator (included in the kit). Results 
were interpreted according to the manufacturer’s recommendation: a 
ratio <0.8 as negative, between 0.8 and 1.1 as borderline, and ≥1.1 as 
positive. 

3.3. Rapid chromatographic immunoassay 

The qualitative RCI was performed using 10 μL of serum or plasma, 
pipetted into the sample cavity of the test device. 2-3 drops of buffer 
solution (80 μL) were added to the cavity below the sample cavity. The 
result was read in 15 minutes by three people that had received appro
priate training. The color change was compared to the assay standard. 

3.4. Statistical analysis 

Specificity was calculated as the number of negative test results 
divided by the total number of negative samples tested. The sensitivity 
was the number of positive test results divided by the number of known- 
positive samples tested. 95% binomial confidence intervals were 
calculated using the Clopper-Pearson method. All analyses were per
formed in R version 3.6.3. 

3.5. Ethical approval 

This study was approved by the Brazilian national ethics review 
board (CONEP), protocol number 30701920200000068. 

4. RESULTS 

A total of 122 subjects with COVID-19 were evaluated, including 106 
SARS-COV-2 RT-PCR-positive patients and 16 RT-PCR-negative patients 
with a clinical COVID-19 diagnosis. Fourteen of the 16 RT-PCR-negative 
patients had a second negative RT-PCR. Demographic and clinical 
characteristics are shown on Table 1. All RT-PCR-negative patients had 
pneumonia. The most frequent thoracic CT findings were ground glass 
changes (n = 11, 68%), which were bilateral in 9 (56%) patients, and 
diffuse reticulonodular infiltrates (n = 5, 31%). Six (38%) patients were 

Table 1 
Demographic and clinical characteristic of 122 subjects: 75 COVID-19 patients 
(59 RT-PCR positive, 16 RT-PCR negative) from two Brazilian hospitals and 47 
health care workers with RT-PCR-confirmed COVID-19  

Patient characteristics RT-PCR 
positive 

RT-PCR positive RT-PCR 
negative  

inpatients outpatient health 
care workers 

inpatients  

n=59 (%) N = 47(%) n=16 (%)  
HSL  HC-FMUSP 

Age (years), median 
(range) 

61 (32-90) 44 (21-62) 55 (36-77) 

Sex    
Male 41 (70) 20 (43) 6 (38) 
Female 18 (31) 27 (57) 10 (63) 
Any comorbidity 44 (75) NA 11 (69) 
Specific comorbidities    
Diabetes mellitus    
Hypertension 15 (26)  3 (19) 
Kidney 21 (36)  6 (38) 
Transplantation 1 (1.6)  NA 
Dyslipidemia 7 (12.1)  NA 
Neurovascular disease 6 (10)  NA 
Obesity 5 (8.6)  3 (19) 
Cardiac disease 4 (6.9)  NA 
Cancer 4 (6.9)  NA 
Alcohol dependency NA  2 (13) 
Hypothyrodism NA  1 (6) 
Symptoms onset (days), 

mean (range) 
10.7 (4-23) 32.0 (16-42) 8 (2-15) 

Symptoms**    
Fever 34 (60) 27 (61) 13 (81) 
Cough 38 (67) 35 (79) 16 (100) 
Coryza 7 (12) 10 (23) 1 (6) 
Sore Throat 6 (11) 16 (36) 1 (6) 
Dyspnea 30 (53) 12 (27) 15 (94) 
Myalgia 6 (11) 18 (41) 3 (19) 
Asthenia 6 (11) 8 (18) NA 
Headache 4 (7) 27 (61) 2 (13) 
GI symptoms* 5 (9) 17 (38) 3 (19) 
Hemoptysis 3 (5) NA NA 
Dysgeusia 1 (1.8) 2 (4.5) 2 (13) 
Anosmia NA 7 (15) 2(13) 

*GI (gastrointestinal) symptoms: nausea, vomiting and diarrhoea. HSL: hospital 
Sírio-Libanês, HC-FMUSP: Hospital das Clínicas da Faculdade de Medicina da 
Universidade de São Paulo, NA: Not Applicable. Symptoms**: only 44 HCW 
reported their symptoms. 
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intubated (Table 1). 
The sensitivity of the RCI for all SARS-CoV-2 RT-PCR positive in

patients, regardless of time from symptom onset, was 85.8% (95% 
binomial CI 77.7% to 91.9%). Sensitivity increased with time from 
symptom onset. Among those with ≤14 days from symptom onset 
sensitivity was 71.1% (54.1% to 84.6%), versus 94.9% (85.9% to 98.9%) 
among those with >14 days from symptom onset. Among COVID-19 RT- 
PCR-negative patients the sensitivity of the RCI was 93.7 (69.8% to 
99.8%) (Table 2). The specificity among historical (February 2019) 
blood donors was 100% (96.4% to 100%). The distribution of signal-to- 
cut off values for the ELISA assay (IgG and IgA) according to the RCI 
result is shown in the supplemental figure. 

4.1. Discussion 

This is the first multicenter study conducted in a middle-income 
country to validate a qualitative rapid chromatographic immunoassay 
for the diagnosis of COVID-19. Our findings show that the Wondfo RCI, 
when used with plasma or serum, has a high sensitivity and specificity, 
especially after 14 days from symptom onset. Furthermore, the perfor
mance of the rapid test was superior to that of RT-PCR, as it detected 15 
of 16 PCR-negative cases. RT-PCR is not usually available in low- 
resource settings, which makes the rapid test (using plasma or serum) 
suitable as an alternative diagnostic modality. However, it is important 
to note that RCIs such as the Wondfo assay may have a lower sensitivity 
(23% to 90%) when used with capillary blood [3,9,10,15,16] 

The Wondfo RCI detects SARS-CoV-2 IgG/IgM antibodies. Anti- 
SARS-CoV-2 antibodies present in the sample bind to recombinant an
tigens coated on colloidal gold particles and form an antigen-antibody/ 
colloidal gold complex. Despite the high sensitivity using plasma or 
serum, a limitation of the assay is that it cannot differentiate acute 
disease from past infection. 

Our study was conducted in patients with a wide spectrum of disease, 
including different age groups, periods from symptom onset and 
comorbidities. Our results show that serology assays are useful for 
diagnosing SARS-COV-2, even in PCR-negative patients where there is a 
strong suspicion of COVID-19 based on presenting symptoms and CT 
findings. 

The Euroimmun ELISA has the advantage of being automated, and 
therefore can be performed on a large scale. Furthermore, it can 
differentiate the antibody class, such as IgA that becomes positive from 
the fifth symptomatic day [13–14]. In contrast, the Wondfo RCI – albeit 
with the disadvantage of having to use plasma or serum to achieve a 
good sensitivity – can be used in primary care with results available 
within 15 minutes. However, it is important to note that both tests are 
most sensitive after 14 days of symptoms. 

4.2. Conclusion 

We found a high sensitivity and specificity for the Wondfo RCI for the 
diagnosis of COVID-19 using plasma samples. Sensitivity was highest 
after 14 days from symptom onset. ELISA and qualitative rapid chro
matographic immunoassays can also be used for the diagnosis of RT- 
PCR-negative patients. 
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