
ISSN 2234-3806 • eISSN 2234-3814 

568    www.annlabmed.org https://doi.org/10.3343/alm.2021.41.6.568

Ann Lab Med 2021;41:568-576
https://doi.org/10.3343/alm.2021.41.6.568

Original Article
Diagnostic Immunology

Combination of a SARS-CoV-2 IgG Assay and RT-PCR 
for Improved COVID-19 Diagnosis
Kotaro Aoki , Ph.D.1, Kunitomo Takai , M.H.E.S.2, Tatsuya Nagasawa , M.M.S.1, Katsuhito Kashiwagi , M.D.3,  
Nobuaki Mori , M.D., Ph.D.4, Keiji Matsubayashi , M.S.5, Masahiro Satake , M.D., Ph.D.5, Ippei Tanaka , Ph.D.2,  
Nanae Kodama , M.S.6, Takahiro Shimodaira , M.M.S6, Yoshikazu Ishii , Ph.D.1, Taito Miyazaki , M.D.3,  
Toshiaki Ishii , M.M.S6, Toshisuke Morita , M.D., Ph.D.7, Toru Yoshimura , Ph.D.2, and Kazuhiro Tateda , M.D., Ph.D.1

1Department of Microbiology and Infectious Diseases, Toho University School of Medicine, Tokyo, Japan; 2Research and Development, Abbott Japan LLC, 
Chiba, Japan; 3General Medicine and Emergency Center (Internal Medicine), Toho University Omori Medical Center, Tokyo, Japan; 4Department of General 
Internal Medicine and Infectious Diseases, National Hospital Organization Tokyo Medical Center, Tokyo, Japan; 5Central Blood Institute, Blood Service 
Headquarters, Japanese Red Cross Society, Tokyo, Japan; 6Department of Clinical Laboratory, Toho University Omori Medical Center, Tokyo, Japan; 
7Department of Laboratory Medicine, Toho University School of Medicine, Tokyo, Japan

Background: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), is generally diagnosed by reverse transcription 
(RT)-PCR or serological assays. The SARS-CoV-2 viral load decreases a few days after 
symptom onset. Thus, the RT-PCR sensitivity peaks at three days after symptom onset 
(approximately 80%). We evaluated the performance of the ARCHITECT® SARS-CoV-2 
IgG assay (henceforth termed IgG assay; Abbott Laboratories, Lake County, IL, USA), and 
the combination of RT-PCR and the IgG assay for COVID-19 diagnosis.

Methods: In this retrospective study, 206 samples from 70 COVID-19 cases at two hospi-
tals in Tokyo that were positive using RT-PCR were used to analyze the diagnostic sensitiv-
ity. RT-PCR-negative (N=166), COVID-19-unrelated (N=418), and Japanese Red Cross 
Society (N=100) samples were used to evaluate specificity. 

Results: Sensitivity increased daily after symptom onset and exceeded 84.4% after 10 
days. Specificity ranged from 98.2% to 100% for samples from the three case groups. 
Seroconversion was confirmed from 9 to 20 days after symptom onset in 18 out of 32 CO-
VID-19 cases with multiple samples and from another case with a positive result in the 
IgG assay for the first available sample. 

Conclusions: The combination of RT-PCR and IgG assay improves the robustness of labo-
ratory diagnostics by compensating for the limitations of each method.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a respiratory disease 

caused by the novel coronavirus severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) [1]. The incubation period 

of SARS-CoV-2 ranges from one to 14 days, with the majority of 

symptoms manifesting in three to five days [2, 3].

COVID-19 is diagnosed by SARS-CoV-2 RNA detection in re-

spiratory samples, especially in nasopharyngeal samples, using 

reverse transcription (RT)-PCR, and, serologically, by SARS-CoV-2 

antibody detection in serum or plasma. The time from exposure 

is considered to have a strong influence on the sensitivity of RT-
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PCR assays; the viral load peaks three days after symptom on-

set, with a sensitivity of approximately 80% at this point [4–6]. 

Inconsistency of RT-PCR results was an issue for diagnosis in 

12.5% and 21.4% of cases with COVID-19-like symptoms, show-

ing a negative first and positive second RT-PCR results in two 

previous studies [7, 8]. Additionally, RT-PCR results performed 

intermittently often fluctuate between negative and positive [7].

In serological assays for SARS-CoV-2 antibodies, IgG and IgM 

are detected two to three weeks after symptom onset [5]. As of 

July 2020, 28 serological assay kits launched by 22 manufac-

turers have achieved Emergency Use Authorization by the U.S. 

Food and Drug Administration; among these, 21 are chemilu-

minescence microparticle immunoassays, including chemilumi-

nescent immunoassays (CLIAs) and ELISAs [9]. 

The SARS-CoV-2 IgG assay and other serological assays have 

played important roles in the diagnosis and surveillance of CO-

VID-19, but the clinical utility of such assays remains unclear. 

We hypothesized that COVID-19 diagnostic sensitivity may be 

improved by taking advantage of the difference in diagnostic 

sensitivity peaks between RT-PCR and serological assays with 

the combination of these methods.

We evaluated the performance of the ARCHITECT® SARS-

CoV-2 IgG assay (henceforth termed IgG assay; Abbott Labora-

tories, Lake County, IL, USA) and the combination of RT-PCR 

and the IgG assay for COVID-19 diagnosis. We assessed results 

obtained by these methods in confirmed COVID-19 cases at two 

medical facilities in Tokyo retrospectively and longitudinally. This 

study can enrich the currently limited data on the IgG assay for 

Japanese samples.

MATERIALS AND METHODS

Diagnosis of COVID-19 and clinical information
This study was approved by the Ethics Committee of Faculty of 

Medicine, Toho University, Tokyo, Japan (No. A20028_A20020_

A20014_A19099). Blood samples were collected from COVID-19 

patients who agreed to participate in this study, on the day of 

admission, and approximately 3, 7, and 14 days after admission. 

Samples collected for routine laboratory tests were also analyzed. 

All serum and plasma samples for the serological assay were 

stored at –80°C before use. COVID-19 samples were stored for 

less than three months. 

COVID-19 was diagnosed on the basis of SARS-CoV-2 RNA 

detection in a nasopharyngeal swab using RT-PCR. At Toho Uni-

versity, the laboratory-developed test (LDT) employing SARS-CoV-2 

RT-PCR targets the N gene, which encodes the nucleocapsid 

protein [10]. Total RNA was extracted from nasopharyngeal swabs 

using QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany) or 

BD MAXTM ExK TNA-3 (swab; Becton Dickinson, Franklin 

Lakes, NJ, USA). One-step RT-PCR was performed using 

QuantStudio® 5 (Thermo Fisher Scientific/Applied Biosystems, 

Waltham, MA, USA) or BD MAXTM Open System (BD) with Taq-

Man Fast Virus 1-Step Master Mix (Thermo Fisher Scientific) and 

BD MAXTNA MMK (SPC) one-step RT-PCR master mix. The 

primer set (NIID_2019-nCOV_N_F2 and NIID_2019-nCOV_N_

R2) and a FAM-labeled probe (NIID_2019-nCOV_N_P2), which 

target the N gene, were used for amplification as previously re-

ported [10]. The limits of detection (LODs) of the two LDT RT-

PCR methods were evaluated using a 1 ×105/mL AccuPlex 

SARS-CoV-2 Verification Panel (SeraCare, Milford, MA, USA) 

progressively diluted with RPMI-1640 medium (Thermo Fisher 

Scientific) containing 1% (w/v) fetal bovine serum (Thermo 

Fisher Scientific). The LODs of the QuantStudio® 5 and BD 

MAX™ assays were 180 viral copies/mL (the verification kit was 

diluted 550 times) and approximately 330 viral copies/mL (the 

verification kit was diluted 300 times) in the initial sample, re-

spectively. SARS-CoV-2 RT-PCR of samples from the National 

Hospital Organization Tokyo Medical Center was conducted as 

an administrative assay at a public research institution in Tokyo. 

RNA was extracted using QIAamp Viral RNA Mini Kit with a 

primer set and probe targeting the N and orf1ab genes as previ-

ously reported [11]. The LOD of the SARS-CoV-2 RT-PCR at the 

public research institution in Tokyo has not been published.

Sensitivity and seroconversion of samples
In total, 206 samples from 70 cases, including multiple samples 

available from 32 cases, were collected at Toho University Omori 

Medical Center and the National Hospital Organization Tokyo 

Medical Center, Tokyo, Japan, between March and May 2020. 

These samples were confirmed as positive for SARS-CoV-2 by 

RT-PCR.

Specificity
We used three groups of samples for specificity evaluation. The 

first group comprised 166 samples from 109 cases of suspected 

COVID-19 judged to have a viral load below the LOD of RT-PCR 

for SARS-CoV-2. These samples were collected at Toho Univer-

sity Omori Medical Center and the National Hospital Organiza-

tion Tokyo Medical Center between March and May 2020. The 

second group comprised 418 samples from 418 cases not sus-

pected of having COVID-19 (collected at Toho University Omori 

Medical Center between March and June 2020). The third group 
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comprised 100 samples collected in 2019 (prior to the COVID-19 

outbreak) provided by the Japanese Red Cross (JRC).

Measurement of SARS-CoV-2 IgG
Samples were analyzed using the IgG assay on an ARCHITECT® 

i2000SR analyzer (Abbott Laboratories) per the manufacturer’s 

instructions. The IgG assay is a fully automated CLIA for SARS-

CoV-2 IgG detection in human serum or plasma. Samples, SARS-

CoV-2 recombinant nucleocapsid antigen (N protein)-coated 

microparticles, and assay diluent were mixed for IgG binding. 

After washing, anti-human IgG acridinium-labeled conjugate 

was added to the mixture for binding to the SARS CoV-2 IgG 

captured on the microparticles. After washing, Pre-Trigger and 

Trigger Solutions (Abbott Laboratories) were added to start the 

chemiluminescent reaction, measured in relative light units and 

converted to the concentration of SARS-CoV-2 IgG in the sam-

ple. The cutoff index for positive and negative results was 1.40. 

Statistical analysis
Sensitivity and specificity were calculated along with the two-

sided 95% confidence intervals (CIs) using R software version 

3.3.3 (R Foundation for Statistical Computing, Vienna, Austria). 

Sensitivity was calculated every three days after symptom onset.

RESULTS

Sensitivity
The sensitivity increased at ≤3, 4–6, 7–9, 10–12, 13–15, 16–

18, and ≥19 days after symptom onset (Fig. 1). Of the three 

IgG assay-negative samples collected 16 days after symptom 

onset, two had index values close to the cutoff. These two sam-

ples were collected from the same patient (case 111) on days 

18 and 19; a sample collected on day 20 was positive in the IgG 

assay (index value: 1.52; Fig. 1). The other sample (clearly neg-

ative) was collected from a patient with mild symptoms (case 

M42) 22 days after cough onset. 

Specificity
Assay specificities are shown in Fig. 2. In the group of non-CO-

VID-19 (without an RT-PCR-positive history), the three IgG as-

say-positive samples were collected from the same patient (case 

65). The IgG index in these samples were 3.36 on day 3, 3.47 

on day 5, and 2.97 on day 8; the typical increase in the IgG in-

dex during the days after symptom onset was not observed, de-

Fig. 1. Sensitivity of the ARCHITECT® SARS-CoV-2 IgG assay for COVID-19 diagnosis. The SARS-CoV-2 IgG index is plotted according to 
the number of days after symptom onset for 206 samples collected from 70 confirmed COVID-19 cases. *Samples collected from the same 
patient (case 111) on days 18 and 19 and a sample collected on day 20 were positive in the IgG assay (index value: 1.52). †Sample col-
lected from a patient (case M42) with mild symptoms at 22 days after cough onset and a nasopharyngeal swab obtained at the same time 
tested positive by the SARS-CoV-2 RT-PCR assay. The dashed line indicates the IgG assay cutoff value (index=1.40).
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus disease 2019; RT-PCR, reverse transcription-PCR.
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spite positivity in the IgG assay (Fig. 2).

Seroconversion of SARS-CoV-2 IgG
In 18 of the 32 COVID-19 cases with longitudinal observations, 

seroconversion (i.e., serological assay result change from nega-

tive to positive) was observed from day 9 to 20, and 15 cases 

were tested positive within 12 days after symptom onset (Fig. 3A). 

The IgG index value peaked within at least 30 days after symp-

tom onset in nearly all cases. The three cases with delayed se-

roconversion (case 11, 89, and 111) were not characterized by 

severity of symptoms (mild, no oxygen administration or ventila-

tor required; moderate, oxygen administration required; and se-

vere, ventilator required). In the 14 cases with the first sample 

being tested positive in the IgG assay, the IgG index values of 

five cases (20, 56, 91, 98, and 110) peaked on days 17–24 af-

ter symptom onset and then began to decline (Fig. 3B). None of 

these cases showed negative results in the IgG assay within ap-

proximately three months after symptom onset, and the largest 

decrease in the IgG index (from 9.62 to 7.09 in 43 days) was 

observed for case 98. 

Longitudinal observation of SARS-CoV-2 RT-PCR and IgG 
assay results
The RT-PCR and IgG assay results for available samples from 

18 cases with seroconversion are shown in Fig. 4A. The dura-

tion from symptom onset to RT-PCR positivity ranged from 0 to 

15 days (median: 5.5 days) and that from symptom onset to 

IgG assay positivity ranged from 9 to 52 days (median: 12 days). 

The interval between the first RT-PCR and IgG assay-positive re-

sults from symptom onset ranged from 2 to 51 days (median: 7 

days). In 12 out of 18 cases, the RT-PCR result was positive on 

the same day or later than the day on which the IgG assay result 

was positive. In case 89, samples were not available for 51 days. 

Two cases (case 52 and 67) with the RT-PCR result changing 

from positive to negative within 10 days of symptom onset were 

positive for the IgG assay on day 10 after symptom onset (Fig. 

4A). Nine days after symptom onset, varying RT-PCR results 

were observed for four cases (11, 13, 88, and 106), but the IgG 

assay result remained clearly positive (Fig. 4A). The longitudinal 

observations of RT-PCR and IgG assay results for 14 samples 

that tested positive in the IgG assay (collected 2 to 16 days after 

symptom onset) are shown in Fig. 4B. In 11 out of 14 cases, 

the RT-PCR results were positive on the same day or later than 

the day on which the IgG assay results were positive. Fluctuat-

ing RT-PCR results were observed in six cases (case 3, 50, 56, 

91, 107, and 108; Fig. 4B). Of these 32 cases, RT-PCR and IgG 

assay results of four cases (case 67, 84, 86, and 97) were re-

versed (RT-PCR turned negative and the IgG assay turned posi-

Fig. 2. Specificity of the ARCHITECT® SARS-CoV-2 IgG assay for COVID-19 diagnosis. IgG assay plot of cases and controls, including non-
COVID-19 cases and cases not suspected to be COVID-19. “Non-COVID-19”: non-COVID-19 samples collected at Toho University Omori 
Medical Center and the National Hospital Organization Tokyo Medical Center between March and May 2020; “COVID-19 unsuspected”: 
samples not suspected of COVID-19 collected at Toho University Omori Medical Center; “JRC pre-COVID-19 outbreak”: blood donation 
samples provided by the Japanese Red Cross Society. Three IgG assay-positive samples collected at Toho University Omori Medical Center, 
which were non-COVID-19, were collected from one patient (case 65). The dashed line indicates the IgG assay cutoff value (index=1.40).
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus disease 2019; JRC, Japanese Red Cross Society.
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tive) between 10 and 12 days after symptom onset. Fluctuating 

RT-PCR results (between negative and positive) were observed 

in 10 cases (Fig. 5).

DISCUSSION

We observed longitudinal results of SARS-CoV-2 RT-PCR and 

IgG assays after symptom onset retrospectively and determined 

the characteristics of each assay for COVID-19 diagnosis. The 

IgG assay showed more reliable longitudinal results than RT-PCR 

and compensated for the instability of RT-PCR for diagnosing 

COVID-19 using samples collected at least nine days after symp-

tom onset.

Sensitivity analysis revealed more than 84.4% agreement be-

tween COVID-19 infection and SARS-CoV-2 IgG elevation 10 days 

after symptom onset; the SARS-CoV-2 IgG positivity increased 

daily (Fig. 1). Several SARS-CoV-2 serological studies in the USA 

using the ARCHITECT® platform have reported that 90% or 

Fig. 3. Longitudinal observation of SARS-CoV-2 IgG assays in COVID-19 cases. (A) Changes in the SARS-CoV-2 IgG index in 18 COVID-19 
cases that showed seroconversion (i.e., serological assay result change from negative to positive). (B) Longitudinal observation of SARS-CoV-2 
IgG in 14 COVID-19 cases positive for SARS-CoV-2 IgG in the first antibody assay. The dashed line indicates the IgG assay cutoff value (in-
dex=1.40).
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus disease 2019.
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Fig. 4. Longitudinal observation of SARS-CoV-2 RT-PCR and IgG assays in COVID-19 cases. (A) RT-PCR results and the IgG assay index 
value for the cases shown in Fig. 3A (seroconversion observed). (B) RT-PCR results and the IgG assay index values for the cases shown in 
Fig. 3B (positive for IgG in the first antibody assay).
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus disease 2019; RT-PCR, reverse transcription-poly-
merase chain reaction.
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more of the samples collected from COVID-19 cases needed to 

be collected more than 14 days after symptom onset to be posi-

tive in the IgG assay [12–14]. In this study, sensitivity was as-

sessed by grouping the days after symptom onset into shorter 

periods than those in previous studies [12–14]. We found three 

IgG assay-negative samples even 16 days after symptom onset 

(samples indicated by “*” and “†” in Fig. 1). Case M42 involved 

mild COVID-19 symptoms 22 days after cough onset, and a na-

sopharyngeal swab performed at the same time tested positive 

by SARS-CoV-2 RT-PCR. Thus, we concluded that the initial 

cough was unrelated to SARS-CoV-2 infection and the patient 

had early-stage COVID-19 at the time of sampling. The appar-

ently low IgG values in this sample also point to the possibility of 

a false-positive RT-PCR result.

The IgG assay specificity was very similar to the range of 99.35%–

99.90% reported previously in the USA [12–14] (Fig. 2). The 

results for the three IgG assay-positive samples were probably 

false positives, because these samples were collected from the 

same patient (case 65), who tested negative in SARS-CoV-2 RT-

PCR and the IgG index did not increase after symptom onset. 

Excluding this case, the assay specificity in the non-COVID-19 

group was 100%. According to the IgG assay instruction man-

ual (https://www.fda.gov/media/137910/download), four sam-

ples were suspected to have false-positive results among 1,070 

samples assumed to be negative for COVID-19 (997 prior to the 

COVID-19 outbreak and 73 other respiratory diseases). Our data 

are similar to the manufacturer’s results.

As samples collected at least 10 days after symptom onset 

showed 84.4% sensitivity in the IgG assay, serological testing is 

useful for COVID-19 diagnosis. Assuming that the 32 patients 

with longitudinal data available for this study came to the hospi-

tal between 10 and 12 days after symptom onset, 19 cases could 

have been diagnosed by RT-PCR (those with positive RT-PCR 

results 10–12 days after symptom onset). A combination of RT-

PCR and the IgG assay would facilitate a diagnosis of seven CO-

VID-19 cases (case 52, 67, 68, 84, 86, 97, 108) in addition to 

those diagnosed using RT-PCR alone. Based on the SARS-CoV-2 

viral load kinetics in previous reports [7, 8, 15] and in this study, 

RT-PCR results often fluctuate between positive and negative 

around the LOD. Therefore, the combination of RT-PCR and the 

IgG assay improved accuracy for COVID-19 diagnosis. RT-PCR 

compensates for the low sensitivity of the IgG assay, which in 

turn compensates for the fluctuation in RT-PCR results in the 

acute COVID-19 phase and the low sensitivity of RT-PCR in the 

late COVID-19 phase. Indeed, IgG assay positivity might be main-

tained for at least three months in a limited number of cases. 

Additionally, as an Italian report showed that 87.4% of patients 

recovering from COVID-19 had some persistent symptoms [16], 

the IgG assay might enable making a diagnosis for a patient with 

symptoms indicating COVID-19 persistence despite a negative 

RT-PCR result. . 

Not all paired samples were collected at the same time or at 

predetermined intervals (e.g., hospitalization day 0, 3, 7, and 

14). Therefore, we plan further evaluations using samples col-

Fig. 5. Longitudinal observation of SARS-CoV-2 RT-PCR and IgG assays in COVID-19 cases with fluctuating RT-PCR results. Orange dots 
indicate IgG results and the dashed line shows the IgG assay cutoff value (index=1.40). Blue dots indicate RT-PCR results (positive and 
negative).
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus disease 2019; RT-PCR, reverse transcription-poly-
merase chain reaction. 
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lected at the same time. We used only one IgG assay, which is a 

CLIA that uses the N protein to capture IgG in serum/plasma 

samples. Different results may be obtained using other SARS-

CoV-2 IgG assays. Despite these limitations, this study provides 

important knowledge because only serological investigations us-

ing immunochromatography (also termed lateral-flow) methods 

have been reported for COVID-19 cases in Japan to date [17–

19].

In conclusion, the combination of the SARS-CoV-2 RT-PCR 

and IgG assays improves the robustness for laboratory diagnosis 

during the course of COVID-19. In the near future, the IgG as-

say is expected to become one of the routine assays for COVID-19 

diagnosis.
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