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1  |  INTRODUC TION

Viral genetic sequencing using real- time reverse transcription- 
polymerase chain reaction (qRT- PCR) is the most widely used tech-
nique for diagnosing coronavirus disease 2019 (COVID- 19) due to 
its high sensitivity and specificity in cases of acute infection (Wang 
et al., 2020). However, qRT- PCR tests can be labor- intensive, re-
quiring specialized equipment and a centralized laboratory, which 
increases the wait time for the results and the costs (Dinnes et al., 

2021). In a systematic review, Mallet et al. (2020) demonstrated that 
the rate of qRT- PCR test false- negative results increases in nasopha-
ryngeal samples collected 10 days after symptom onset. In this way, 
rapid immunochromatographic tests present a complementary diag-
nostic method, helping to identify infected patients (Dinnes et al., 
2021; Zhao et al., 2020). Available rapid tests benefit from screening 
larger populations, with and without symptoms, in locations other 
than healthcare settings and would provide a faster diagnosis to 
allow early prevention of COVID- 19 spread (Dinnes et al., 2021). 
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Abstract
Objectives: To assess the accuracy of three immunochromatographic rapid tests for 
salivary detection of immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies 
against severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) antigens and 
the reliability of these tests comparing saliva with plasma samples.
Materials and Methods: Plasma and saliva samples from 62 patients diagnosed with 
coronavirus disease 2019 (COVID- 19) and 20 healthy volunteers were assayed. IgM/
IgG antibody against SARS- COV- 2 was detected using three immunochromatographic 
rapid tests and compared with real- time reverse transcription- polymerase chain reac-
tion (qRT- PCR).
Results: The tests’ overall accuracy for detecting anti- SARS- CoV- 2 antibodies ranged 
from 75.6 to 79.3 for saliva and 86.6– 87.8 for plasma tests. The sensitivity of saliva 
and plasma tests increased with the severity of COVID- 19 signs and symptoms. The 
chance of a positive plasma test in participants with a positive qRT- PCR test was 2.27 
greater than a positive saliva test.
Conclusions: Although rapid immunochromatographic tests are more accurate using 
plasma than saliva, which was expected considering its original use, our findings 
support the use of saliva as a straightforward supplementary method to assess se-
roconversion in patients with COVID- 19, with important sensitivity and sensibility, 
especially in severe and critical cases.
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Rapid tests based on immunochromatographic analysis can detect 
immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies to 
severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) in 
patients with current or past infection. The estimated median times 
for seroconversion were 11 days for total antibodies, 12 days for 
IgM, and 14 days for IgG. However, patients tested within a week 
after the onset of symptoms showed a high proportion of false- 
negative results in rapid antibody tests (Zhao et al., 2020).

All these diagnostic tests require close contact with the patient, 
increasing the risk of transmission to the healthcare professional 
during collection. Moreover, collecting blood samples and swabs 
from the nasopharynx or oropharynx are invasive and uncomfortable 
for the patient (To et al., 2020). Therefore, salivary tests have been 
proposed as an alternative biological fluid for diagnosing respiratory 
viral infections, including COVID- 19; saliva is easily collected in ster-
ile flasks or Salivette® kits (Fernandes et al., 2020; Khurshid et al., 
2020). Saliva tests are simple to perform and more comfortable than 
nasal swabs. In the pandemic context, they are inexpensive, scalable, 
and sustainable strategies that allow easily repeatable and widely 
available testing over time (Fernandes et al., 2020; Tan et al., 2021).

The salivary glands are among the first organs in the body to be 
infected by the SARS- CoV- 2 virus (Xu et al., 2020), and viral ribonu-
cleic acid (RNA) can be detected in saliva before the appearance of 
lung lesions (Liu et al., 2011). The salivary glands are an essential viral 
reservoir, and the rates of identifying the SARS- CoV- 2 virus in saliva 
can exceed 91% (To et al., 2020). The qRT- PCR test using saliva as 
a potential specimen had a substantial discriminative and diagnostic 
ability for SARS- CoV- 2 detection, with high sensitivity and specific-
ity (Atieh et al., 2021). Therefore, it was suggested that the spread 
of COVID- 19 by asymptomatic infected subjects might be traced to 
contaminated saliva. The local immune system of the salivary glands 
produces immunoglobulin A (IgA), IgM, and IgG in oral fluids, and 
these antibodies are transferred from the circulation to the saliva by 
transcellular passive intracellular diffusion or active transport in the 
salivary glands or crevicular fluid (Khurshid et al., 2020).

There is little evidence of the utility of rapid tests using saliva 
samples based on immunochromatography to detect IgG and IgM. 
Because rapid tests are less costly, easier to perform, have better 
tolerability, and pose less risk to health professionals, we hypothe-
sized that saliva could be an alternative to whole blood and serum 
samples to detect SARS- CoV- 2 IgG/IgM antibodies using rapid tests. 
Therefore, we aimed to measure the accuracy of immunochromato-
graphic rapid tests using salivary detection of IgM/IgG antibodies 
against SARS- CoV2 viral antigens and assess the reliability of rapid 
tests using saliva samples compared to plasma.

2  |  METHODS

2.1  |  Study location, design, and participants

This study was conducted in Goiânia, Goias, Brazil. A convenience 
sample of 82 participants was enrolled, including 62 subjects with in-
fection confirmed by qRT- PCR (20 with asymptomatic- mild disease, 

20 with moderate disease, and 22 with severe- critical disease), and 
20 disease- free subjects with negative qRT- PCR tests (negative 
controls). Infected patients all experienced their first infection by 
SARS- CoV2, and they were classified according to COVID- 19 dis-
ease severity, published in COVID- 19 interim guidance of the World 
Health Organization (WHO, 2020). The participants were recruited 
at the School of Dentistry and the University Hospital of the Federal 
University of Goias. Participant recruitment and testing occurred 
between August 2020 and March 2021. At the time of the study, 
none of the participants had been vaccinated. The institutional ethi-
cal research committee approved the study (CAEE 30804220.2.0
000.5078/38088920.9.3001.5078). Informed written consent was 
obtained from each included patient or responsible relative.

All participants were over 18 years of age and were tested for 
SARS- CoV- 2 infection using a qRT- PCR test. Subjects who could not 
undergo blood collection due to hematologic problems and patients 
with xerostomia or lesions in the salivary glands that compromise sal-
ivary flow were excluded. Control individuals (disease- free subjects) 
were healthcare professionals responsible for treating COVID- 19 pa-
tients at the University Hospital of the Federal University of Goias. 
These participants were monitored weekly with qRT- PCR tests or 
screened for signs and symptoms of the disease. Infected patients 
were invited to enroll in the study after having had a positive qRT- 
PCR test performed by professionals of the Laboratory of Virology 
and Cell Culture of the Institute of Tropical Pathology and Public 
Health at the Federal University of Goias.

2.2  |  Nasopharyngeal swab, blood and 
saliva collection

A nasopharyngeal swab was collected from both nostrils for the 
qRT- PCR test. Saliva collection was performed using the Salivette® 
collector (Sarstedt) equipped with a tube containing collector cot-
ton. The cotton was placed on the floor of the participant's mouth 
for approximately 2 min and then returned to the tube. After col-
lection, the saliva sample was centrifuged for 10 min at 1903.67 g 
at 4°C.

The peripheral blood was harvested with ethylenedi-
aminetetraacetic acid anticoagulant (2 ml, BD Vacutainer). The blood 
samples were centrifuged for 10 min at 349.65 g at 25°C to obtain 
the plasm and perform the rapid tests according to the manufactur-
ers’ guidelines.

The saliva and blood samples collection occurred from the 15th 
to the 30th day after positive findings on the qRT- PCR tests in in-
fected patients and the same day after negative qRT- PCR test re-
sults in the healthy participants.

2.3  |  qRT- PCR

Confirmation of SARS- CoV- 2 was performed in the Laboratory of 
Virology and Cell Culture of the Institute of Tropical Pathology and 
Public Health at the Federal University of Goias. Nasopharyngeal 
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swabs were collected and processed in 24– 48 h. Viral RNA was iso-
lated using a commercial QIAamp Viral RNA Mini Kit (Qiagen). For 
SARS- CoV- 2 RNA detection, we used qRT- PCR assay with probes 
and primers targeting two coronavirus regions (N1 and N2) and the 
human RNase P gene (internal control) (IDT) (Centers for Disease 
Control and Prevention. CDC- 2019- Novel Coronavirus [2019- nCoV] 
Real- Time RT- PCR. 2020). The reaction system and amplification 
conditions were performed according to the manufacturer's specifi-
cations in a 7500 Fast Dx Real- Time PCR System (Life Technologies). 
The result was considered valid only when the reference gene's 
cycle threshold (Ct) value was 38 or less. The result was considered 
positive when the Ct value of the viral genes was 38 or less and 
negative when it was >38.

2.4  |  Immunochromatography- based COVID- 19 
IgG/IgM rapid test (rapid tests)

Three lateral- flow immunochromatographic assay rapid tests for 
the qualitative detection of SARS- CoV- 2 IgG/IgM antibodies were 
analyzed. COVID- 19 specific rapid test kits were approved by the 
Brazilian health surveillance agency (ANVISA) using whole blood 
or serum, or plasma samples in the Instructions for Use or Product 
User Manual. The immunochromatographic tests detect the pres-
ence of IgG and IgM anti- SARS- CoV- 2 antibodies in human whole 
blood or serum to identify current or past infection. Table 1 shows 
the characteristics of the rapid tests used in this study, as provided 
by the manufacturers. The sample volume adopted for serum was 
10 µl, as recommended by the manufacturers. For saliva, a volume 
of 20 µl was used (Figure 1). Each test can give a result for IgG 
and IgM alone or in combination. Positive results were considered 
with only IgG, only IgM, or both, considering the entire evaluation 
period.

2.5  |  Repeatability and reproducibility of 
rapid tests

Repeatability was assessed by taking replicates of samples known 
to be reagents and non- reagents for SARS- CoV- 2 and testing si-
multaneously and independently for two research participants. 
Reproducibility (inter- test) was assessed by repeating the same pro-
tocol on different days. The evaluation was carried out for the three 
rapid test kits to detect IgG and IgM anti- SARS- CoV- 2 in five serum 
and saliva samples.

2.6  |  Data analysis

Descriptive analysis included the frequency of positive tests and 
the chi- square test to assess differences according to the level of 
symptoms of the participants. The Kappa coefficient was used to 
measure the level of agreement between tests using blood and TA
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saliva samples. Diagnostic test accuracy was assessed using the 
RT- PCR results as the reference method. Sensitivity, specificity, 
predictive values, and likelihood ratios were calculated using blood 
and saliva samples for the three kits of the rapid test. The chance 
of a correct diagnosis using the rapid tests was assessed when the 
type of fluid sample (blood or saliva), level of symptoms, the brand 
of the rapid test, and the time from the onset of symptoms were 
tested as independent variables. A generalized estimating equa-
tion regression was used, considering the non- independency of 
data as the measurements were repeated more than once for each 
participant (within- subject factor). Statistical significance was set 
at p < 0.05.

3  |  RESULTS

During the 8- month recruitment and data collection period, 82 par-
ticipants underwent rapid tests. A total of 148 participants were 
assessed; however, 66 were excluded due to missing information 
about the date of qRT- PCR (n = 19) or for being collected <15 days 
after the positive qRT- PCR test (n = 47).

The frequencies of positive tests according to the level of 
symptoms, fluid type, and rapid test used are detailed in Table 2. 
The rates of positive tests were similar for the three kits of rapid 
test using plasma or saliva samples (p > 0.05). Furthermore, the in-
crease of antibody detection rates was directly proportional to the 

F I G U R E  1  Schematic of our study methods

TA B L E  2  Frequency of positive tests according to the level of symptoms (% in parenthesis)

Level of symptoms

Plasma

p*

Saliva

p*T1 T2 T3 T1 T2 T3

Assymptomatic— mild 
(n = 20)

12 (60.0) 13 (65.0) 13 (65.0) 0.931 6 (30.0) 11 (55.0) 11 (55.0) 0.243

Moderate (n = 20) 18 (90.0) 18 (90.0) 18 (90.0) 1.000 16 (80.0) 15 (75.0) 15 (75.0) 0.911

Severe– critical 
(n = 22)

21 (95.5) 21 (95.5) 21 (95.5) 1.000 20 (90.9) 19 (86.4) 19 (86.4) 0.867

p** 0.003 0.008 0.008 <0.001 0.025 0.025

Abbreviations: T1, Immupass VivaDiagTM SARS- CoV- 2 IgM/IgG Rapid; T2, Wama's Imuno- Rapid COVID- 19 IgG/IgM; T3, Leccurate SARS- CoV- 2 
Antibody Test Colloidal Gold Immunochromatography.
*Pearson Chi- square test.; **Chi- square for trend.
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severity of COVID- 19 symptoms, with significant differences found 
for the three kits of rapid test and fluid samples (saliva and plasma) 
(p < 0.05).

Then, the results of the rapid tests were contrasted with the 
qRT- PCR (Table 3). High specificity values were observed for the 
three kits of rapid test. Sensitivity ranged from 67.7% (T1/Saliva) to 
83.9% (T2 and T3/Plasma). Lower sensitivity values were observed 
for saliva (range = 67.7%– 72.6%) than plasma tests (range = 82.2%– 
83.9%). Overall, rapid tests were excellent for the prediction of the 
disease in positive tests (positive predictive value >97.8%) and poor 
prediction of control cases in negative tests (negative predictive 
value <66.7%). As the specificity for most of the tests was 100%, 
the positive likelihood ratio (sensitivity/(1−specificity)) could not be 
calculated (except for T3/Saliva). By contrast, the negative likelihood 
ratios (−LRs) that provide the change in the odds of having a positive 
diagnosis in patients with a negative test (1−sensitivity/specificity) 
ranged from 0.32 to 0.16, which means a 68%– 84% decrease in the 
odds of having the antibodies detected in a patient with a negative 
test result. Finally, the overall accuracy of the rapid tests ranged 
from 75.6% to 87.8% (95% confidence interval).

Table 4 shows the reliability analyses to measure the agree-
ment among many plasma and saliva tests (inter- tests) and between 
plasma and saliva fluids for the same rapid test (intra- test). Kappa 
statistics showed almost perfect agreement between blood tests 
(>0.92) and moderate agreement (κ = 0.46– 0.58) between saliva 
tests. Substantial agreements were observed for the intra- test anal-
yses (κ = 0.68– 0.82). When only COVID- 19 subjects were consid-
ered (n = 62), there was a marked decrease in agreement measures, 
particularly for the saliva tests (Kappa inter- test = 0.19– 0.34) and 
when plasma and saliva tests were compared (intra- test κ = 0.46– 
0.67). Intra- test agreement markedly improved when only moderate 
and severe- critical cases were considered (Figure 2).

The regression model in Table 5 describes the effects of clinical 
variables and rapid test features for the likelihood of a positive rapid 
test result (IgM/IgG antibody for SARS- COV- 2 detected) in the study 
sample of COVID- 19 participants (n = 62). Multivariate analysis 
showed that the change of a positive test increased for plasma tests 
(OR = 2.27; p < 0.001), moderate (OR = 4.63; p = 0.015), and severe- 
critical symptoms (OR = 10.3; p < 0.001). There were no effects of 
the type of the rapid test or time elapsed from the symptom onset.

TA B L E  3  Accuracy analysis

Test kit

Biological 
sample/Test 
result

PCR

Sensitivity Specificity PPV NPV +LR −LR (95% CI)
Accuracy 
(95% CI)

Positive 
(n = 62)

Negative 
(n = 20)

1 Plasma

Positive 51 0 82.2 100 100 64.5 — 0.18 
(0.10– 0.30)

86.6 
(77.3– 93.1)

Negative 11 20

Saliva

Positive 42 0 67.7 100 100 50.0 — 0.32 
(0.23– 0.46)

75.6 
(64.9– 84.4)

Negative 20 20

2 Plasma

Positive 52 0 83.9 100 100 66.7 — 0.16 
(0.09– 0.29)

87.8 
(78.7– 94.0)

Negative 10 20

Saliva

Positive 45 0 72.6 100 100 54.1 — 0.27 
(0.18– 0.41)

79.3 
(68.9– 87.4)

Negative 17 20

3 Plasma

Positive 52 0 83.9 100 100 66.7 — 0.16 
(0.09– 0.29)

87.8 
(78.7– 94.0)

Negative 10 20

Saliva

Positive 45 1 72.6 95.0 97.8 52.8 14.5 (2.1– 
98.7)

0.29 
(0.19– 0.44)

78.0 
(67.5– 86.4)

Negative 17 19

Abbreviations: CI, confidence interval; LR, Likelihood- ratio Test; NPV, negative predictive value; PCR, polymerase chain reaction; PPV, positive 
predictive value; T1, Immupass VivaDiagTM SARS- CoV- 2 IgM/IgG Rapid; T2, Wama's Imuno- Rapid COVID- 19 IgG/IgM; T3, Leccurate SARS- CoV- 2 
Antibody Test Colloidal Gold Immunochromatography.
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4  |  DISCUSSION

We compared the performance of three recently approved immu-
nochromatographic IgM/IgG rapid tests using plasma and saliva and 
found accuracy values >75% for the three kits of rapid test using 
both biological samples. We also demonstrated that the sensitivity 
of the tests for both saliva and plasma increased with the worsen-
ing of COVID- 19 symptoms. Although the values of accuracy and 
chance of positive diagnosis confirmed by qRT- PCR were higher 
using plasma than saliva, the values were close, especially in the 
most severe cases.

The molecular detection of SARS- CoV- 2 RNA in nasopharyngeal 
swabs is the reference method for identifying symptomatic or as-
ymptomatic individuals and is indicated for the primary stage of the 
disease when the virus is present in the lower or upper respiratory 
tract (Mallett et al., 2020). It has been demonstrated that samples 
collected 10 days after symptom onset significantly increased the 
chance of a negative test result (Mallett et al., 2020). In this con-
text, anti- SARS- CoV- 2 antibody tests are valuable for monitoring 
the population and can play an essential role in confirmation and 
late diagnostic of COVID- 19 and managing viral infection (Ahn et al., 
2020; Fujigaki et al., 2020; Guedez- López et al., 2020). In the pres-
ent study, the overall accuracy ranged from 75.6 to 87.8 for all evalu-
ated rapid tests, demonstrating the considerable capacity of plasma 
and saliva to detect true- positive cases confirmed by qRT- PCR. This 
finding highlights the significance of point- of- care testing, such as 
the rapid immunochromatographic test we used, as an alternative 
to laboratory tests such as enzyme- linked immunosorbent assay 
(ELISA) format and chemiluminescence (Pegoraro et al., 2021).

Immunochromatographic IgM/IgG rapid tests are rapid, simple, 
easy to perform, and practical as monitoring tools for COVID- 19 in-
fection (Khurshid et al., 2020). The sample indicated by the manu-
facturer should be plasma, serum, or whole blood, which provides 
higher specificity and sensitivity values (Table 1). Like the plasma, sa-
liva contains a local immune system that includes IgA, IgM, and IgG 
production, predominant in oral fluid. These antibodies are trans-
ferred from the circulating blood for saliva by transcellular passive 
diffusion, active transport in the salivary glands, or crevicular fluid 
(Khurshid et al., 2020). We adapted rapid tests for use in saliva and 
obtained compelling results with overall sensitivities between 67.7% 
and 72.6% and specificity between 95% and 100%. A systematic 
review demonstrated excellent performance of saliva for detecting 
SARS- CoV- 2 in qRT- PCR tests, with high sensitivity and specificity 
(Atieh et al., 2021). However, to date, few studies have analyzed the 
performance of rapid tests using saliva. Basso et al. (2021) compared 
salivary SARS- CoV- 2 antigen detection by chemiluminescence im-
munoassay (CLIA) using two different immunochromatographic 
rapid tests and found limited sensitivity (13%). Similarly, Nagura- 
Ikeda et al. (2020) analyzed saliva samples collected on the day of 
hospital admission from 103 hospitalized patients with laboratory- 
confirmed COVID- 19. They demonstrated that only 11.7% of pa-
tients tested positive using the rapid antigen test. Nevertheless, it 
is critical to mention that, in both studies, the time (days) range for TA
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salivary collection used was inadequate, which could explain the 
better accuracy of rapid tests with saliva samples found in the pres-
ent study.

The estimated median time for seroconversion for COVID- 19 
infection is 15 days (Zhao et al., 2020). Patients tested within a 
week after the onset of symptoms showed a high proportion of 
false- negative results on rapid antibody tests (Zhao et al., 2020). 
Moreover, Ong et al. (2020) reported that the sensitivity of these 
tests improved after at least 7 days of symptoms in hospitalized 
patients. Corroborating these data, Zhao et al. (2020) analyzed the 
seroconversion by ELISA and demonstrated that only 38.3% of pa-
tients were positive for IgM antibodies within the first week after 
onset; however, the detection of IgM and IgG antibodies increased 
rapidly from day 15 after onset. Demey et al. (2020) analyzed four 
immunochromatographic tests in blood samples to detect antibodies 
to SARS- CoV- 2 in 22 patients after they tested positive by qRT- PCR. 
The authors observed that the median of the antibody detection 
time was between 8 and 10 days, with a sensitivity of 60%– 80% 
on day 10 and 100% on day 15. In contrast, Pegoraro et al. (2021) 

compared the diagnostic performances of three rapid immunochro-
matographic tests using automated ELISA and CLIA immunoassays 
in 159 hospitalized patients, demonstrating 41%– 45% of diagnostic 
sensitivities and 91%– 98% of specificities, with a substantial agree-
ment (89.3%– 91.2%). These studies explain our decision to wait at 
least 15 days after a positive qRT- PCR result to carry out the rapid 
tests.

Despite the satisfactory accomplishment of saliva compared 
to previous studies, we found that the chance of a positive pa-
tient being confirmed by qRT- PCR to be positive in a rapid test 
using plasma was 2.27- fold higher than using saliva. These results 
can be explained by the fact that these tests are developed to 
be performed with plasma samples (Demey et al., 2020; Pegoraro 
et al., 2021). Because saliva tests have lower specificity, the per-
formance of the test is worse when disease- free individuals are 
excluded from the analysis. Although the blood tests were supe-
rior, the 95% confidence intervals of the accuracy values suggest 
that the saliva and blood tests could be used interchangeably, 
especially when the rapid test aims to confirm the presence of 

F I G U R E  2  Overall agreement of the combined blood and salivary tests, according to the classification of symptoms. Data included 
the three kits of rapid tests performed: 60 tests in 20 participants with asymptomatic or mild symptoms; 60 tests in 20 participants with 
moderate symptoms; 66 tests in 22 participants with severe- critical symptoms

Parameter Categories OR (95% CI) p

(Intercept) 1.53 (0.53– 4.37) 0.429

Sample Blood 2.27 (1.48– 3.48) <0.001

Saliva 1

Level of symptoms Severe- critical 10.3 (2.95– 36.0) <0.001

Moderate 4.63 (1.35– 15.8) 0.015

Asymptomatic- mild 1

Test kits 3 1.18 (0.67– 2.07) 0.561

2 1.18 (0.78– 1.80) 0.437

1 1

Time from symptom onset (days) 1.00 (0.99– 1.02) 0.953

Abbreviations: CI, confidence interval; OR, odds ratio.

TA B L E  5  Generalized estimating 
equation regression estimates for the 
chance of a positive test using different 
rapid test kits and fluid samples
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the antibodies in severely ill patients. Therefore, our findings re-
inforce the importance of using saliva as an alternative sample for 
extensive population- level screening of COVID- 19 due to its easy 
collection, handling (Fernandes et al., 2020), and antibody detec-
tion capacity. Nevertheless, adding a band to detect IgA in rapid 
tests indicated for using saliva would be interesting. Future stud-
ies testing saliva with rapid tests with IgA bands should be encour-
aged to verify the better performance of this biological medium, 
especially for early detection.

Another point to be highlighted is that the sensitivity of the tests 
with serum and saliva increased when COVID- 19 symptoms wors-
ened. Furthermore, the agreement between plasma and saliva was 
higher in patients with severe- critical symptoms than in patients 
with moderate and asymptomatic/mild symptoms. In the asymp-
tomatic/mild symptoms group, the chance of false- negative tests 
was higher. Similar conclusions were presented by Hiki et al. (2021) 
using an anti- SARS- CoV- 2 rapid test to determine IgG and IgM an-
tibodies in symptomatic COVID- 19 patients; they observed that, in 
several critical cases, the positive IgM and IgG detection was higher 
than in mild/moderate cases; mild cases were seronegative at least 
10 days after symptoms, while severe/critical cases became positive 
at 0– 6 days (40%) and 7– 13 days (87.5%) after onset.

Finally, all tests we analyzed presented high specificity but sen-
sitivity lower than those described by the manufacturer. However, 
the positive predictive values returned interesting values (ranging 
from 97.8% to 100%), suggesting a substantial capacity of rapid 
tests to detect truly positive cases. In addition to the high specificity, 
the negative predictive values were lower for the three rapid tests 
kits, ranging from 50% to 66.7%. These findings suggest that the 
high specificity of the tests in the present study must be carefully 
evaluated because it is not precisely known whether the failure of 
detection occurred due to the non- development of antibodies, or 
because the number of antibodies was already declining, or because 
there was an error in the test specificity (false- negative), explained 
by the low negative predictive values. These results reinforce the 
notion that anti- SARS- CoV- 2 antibodies tests are valuable methods 
that cannot replace qRT- PCR tests but complement them and be an 
appropriate alternative for monitoring large populations.

This study has some limitations. The first is the small number 
of participants at a single hospital. More multicenter studies with 
a more significant number of saliva samples from different regions 
would be necessary to validate these rapid immunochromatographic 
tests. Second, confirmatory tools for the results of the rapid tests, 
including ELISA or CLIA, would be instruments that would add to 
the results obtained. However, in the pandemic context and given 
the available resources, their use was not possible. We suggest that 
comparative studies be carried out involving these three forms of 
antibody detection.

In summary, we adapted commercially available immunochro-
matographic IgM/IgG rapid tests (commercially available in Brazil) to 
be used with saliva samples collected at least 15 days after symptom 
onset in patients with COVID- 19. Within the limitations, although 

rapid tests are more accurate using plasma, which was its original 
indication, our study findings provide evidence supporting the use 
of these tests for saliva to assess seroconversion in patients with 
COVID- 19, especially those with severe presentations.

CONFLIC T OF INTERE S T
None declared.

AUTHOR CONTRIBUTIONS
Ana Carolina Serafim Vilela: Conceptualization; Data curation; 
Investigation; Methodology; Writing- original draft. Camila Alves 
Costa: Data curation; Methodology; Project administration; Writing- 
original draft; Writing- review & editing. Suzane Aparecida Oliveira: 
Data curation; Investigation; Methodology; Writing- original draft. 
Menira Borges Lima Dias Souza: Investigation; Methodology; 
Validation; Writing- review & editing. Fabiola Souza Fiaccadori: 
Investigation; Methodology; Validation; Writing- review & edit-
ing. Cláudio Rodrigues Leles: Conceptualization; Data curation; 
Formal analysis; Writing- original draft; Writing- review & editing. 
Nádia Costa: Conceptualization; Data curation; Funding acquisi-
tion; Investigation; Methodology; Project administration; Validation; 
Writing- original draft; Writing- review & editing.

E THIC S APPROVAL S TATEMENT
The Ethics Committee approved this study of Universidade Federal 
de Goias (CAEE 30804220.2.0000.5078 / 38088920.9.3001.5078).

PATIENT CONSENT S TATEMENT
All the participants were informed about this study's objectives, 
risks, and benefits, and those who agreed to participate signed the 
free, informed consent form.

PEER RE VIE W
The peer review history for this article is available at https://publo 
ns.com/publo n/10.1111/odi.14059.

DATA AVAIL ABILIT Y S TATEMENT
The data sets used and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

ORCID
Ana Carolina Serafim Vilela  https://orcid.
org/0000-0002-8123-3361 
Camila Alves Costa  https://orcid.org/0000-0002-8493-1835 
Suzane Aparecida Oliveira  https://orcid.
org/0000-0002-6109-2493 
Menira Borges Lima Dias Souza  https://orcid.
org/0000-0003-3145-1376 
Fabiola Souza Fiaccadori  https://orcid.
org/0000-0002-4100-8872 
Cláudio Rodrigues Leles  https://orcid.org/0000-0002-6812-4849 
Nádia Lago Costa  https://orcid.org/0000-0003-0198-5828 

https://publons.com/publon/10.1111/odi.14059
https://publons.com/publon/10.1111/odi.14059
https://orcid.org/0000-0002-8123-3361
https://orcid.org/0000-0002-8123-3361
https://orcid.org/0000-0002-8123-3361
https://orcid.org/0000-0002-8493-1835
https://orcid.org/0000-0002-8493-1835
https://orcid.org/0000-0002-6109-2493
https://orcid.org/0000-0002-6109-2493
https://orcid.org/0000-0002-6109-2493
https://orcid.org/0000-0003-3145-1376
https://orcid.org/0000-0003-3145-1376
https://orcid.org/0000-0003-3145-1376
https://orcid.org/0000-0002-4100-8872
https://orcid.org/0000-0002-4100-8872
https://orcid.org/0000-0002-4100-8872
https://orcid.org/0000-0002-6812-4849
https://orcid.org/0000-0002-6812-4849
https://orcid.org/0000-0003-0198-5828
https://orcid.org/0000-0003-0198-5828


    |  9VILELA Et AL.

R E FE R E N C E S
Ahn, D.- G., Shin, H.- J., Kim, M.- H., Lee, S., Kim, H.- S., Myoung, J., Kim, 

B.- T., & Kim, S.- J. (2020). Current status of epidemiology, diagno-
sis, therapeutics, and vaccines for novel coronavirus disease 2019 
(COVID- 19). Journal of Microbiology and Biotechnology, 30(3), 313– 
324. https://doi.org/10.4014/jmb.2003.03011

Atieh, M. A., Guirguis, M., Alsabeeha, N. H. M., & Cannon, R. D. (2021). 
The diagnostic accuracy of saliva testing for SARS- CoV- 2: A sys-
tematic review and meta- analysis. Oral Diseases, 00, 1– 15. https://
doi.org/10.1111/odi.13934

Basso, D., Aita, A., Padoan, A., Cosma, C., Navaglia, F., Moz, S., Contran, 
N., Zambon, C.- F., Maria Cattelan, A., & Plebani, M. (2021). Salivary 
SARS- CoV- 2 antigen rapid detection: A prospective cohort 
study. Clinica Chimica Acta, 517, 54– 59. https://doi.org/10.1016/j.
cca.2021.02.014

Demey, B., Daher, N., François, C., Lanoix, J. P., Duverlie, G., Castelain, 
S., & Brochot, E. (2020). Dynamic profile for the detection of anti- 
SARS- CoV- 2 antibodies using four immunochromatographic assays. 
The Journal of Infection, 81(2), e6– e10. https://doi.org/10.1016/j.
jinf.2020.04.033

Dinnes, J., Deeks, J. J., Adriano, A., Berhane, S., Davenport, C., Dittrich, 
S., Emperador, D., Takwoingi, Y., Cunningham, J., Beese, S., Dretzke, 
J., Ferrante di Ruffano, L., Harris, I. M., Price, M. J., Taylor- Phillips, 
S., Hooft, L., Leeflang, M. M. G., Spijker, R., Van den Bruel, A.; 
Cochrane COVID- 19 Diagnostic Test Accuracy Group. (2021). 
Rapid, point- of- care antigen and molecular- based tests for diagno-
sis of SARS- CoV- 2 infection. The Cochrane Database of Systematic 
Reviews, 8(8), CD013705. https://doi.org/10.1002/14651 858.
CD013705

Fernandes, L. L., Pacheco, V. B., Borges, L., Athwal, H. K., de Paula 
Eduardo, F., Bezinelli, L., Correa, L., Jimenez, M., Dame- Teixeira, 
N., Lombaert, I., & Heller, D. (2020). Saliva in the diagnosis of 
COVID- 19: A review and new research directions. Journal of Dental 
Research, 99(13), 1435– 1443. https://doi.org/10.1177/00220 
34520 960070

Fujigaki, H., Takemura, M., Osawa, M., Sakurai, A., Nakamoto, K., Seto, K., 
Fujita, T., Hata, T., Akiyama, H., Doi, Y., & Saito, K. (2020). Reliability 
of serological tests for COVID- 19: Comparison of three immuno-
chromatography test kits for SARS- CoV- 2 antibodies. Heliyon, 6(9), 
e04929. https://doi.org/10.1016/j.heliy on.2020.e04929

Guedez- López, G. V., Alguacil- Guillén, M., González- Donapetry, P., 
Bloise, I., Tornero- Marin, C., González- García, J., Mingorance, J., 
García- Rodríguez, J., Montero- Vega, M. D., Romero, M. P., García- 
Bujalance, S., Cendejas- Bueno, E., Ruiz- Carrascoso, G., Lázaro- 
Perona, F., Falces- Romero, I., Gutiérrez- Arroyo, A., Girón de 
Velasco- Sada, P., Rico Nieto, A., Loeches, B., … Molina Muñoz, E. 
(2020). Evaluation of three immunochromatographic tests for rapid 
detection of antibodies against SARS- CoV- 2. European Journal 
of Clinical Microbiology & Infectious Diseases, 39(12), 2289– 2297. 
https://doi.org/10.1007/s1009 6- 020- 04010 - 7

Hiki, M., Tabe, Y., Ai, T., Matsue, Y., Harada, N., Sugimoto, K., Matsushita, 
Y., Matsushita, M., Wakita, M., Misawa, S., Idei, M., Miida, T., Tamura, 
N., Takahashi, K., & Naito, T. (2021). Seroprevalence of anti- SARS- 
CoV- 2 antibodies in Japanese COVID- 19 patients. PLoS One, 16(4), 
e0249449. https://doi.org/10.1371/journ al.pone.0249449

Khurshid, Z., Asiri, F. Y. I., & Wadaani, H. A. (2020). Human saliva: 
Non- invasive fluid for detecting novel coronavirus (2019- nCoV). 
International Journal of Environmental Research and Public Health, 
17(7), 2225. https://doi.org/10.3390/ijerp h1707 2225

Liu, L., Wei, Q., Alvarez, X., Wang, H., Du, Y., Zhu, H., Jiang, H., Zhou, J., 
Lam, P., Zhang, L., Lackner, A., Qin, C., & Chen, Z. (2011). Epithelial 
cells lining salivary gland ducts are early target cells of severe acute 
respiratory syndrome coronavirus infection in the upper respira-
tory tracts of rhesus macaques. Journal of Virology, 85(8), 4025– 
4030. https://doi.org/10.1128/JVI.02292 - 10

Mallett, S., Allen, A. J., Graziadio, S., Taylor, S. A., Sakai, N. S., Green, 
K., Suklan, J., Hyde, C., Shinkins, B., Zhelev, Z., Peters, J., Turner, P. 
J., Roberts, N. W., di Ruffano, L. F., Wolff, R., Whiting, P., Winter, 
A., Bhatnagar, G., Nicholson, B. D., & Halligan, S. (2020). At what 
times during infection is SARS- CoV- 2 detectable and no longer 
detectable using RT- PCR- based tests? A systematic review of in-
dividual participant data. BMC Medicine, 18(1), 346. https://doi.
org/10.1186/s1291 6- 020- 01810 - 8

Nagura- Ikeda, M., Imai, K., Tabata, S., Miyoshi, K., Murahara, N., Mizuno, 
T., Horiuchi, M., Kato, K., Imoto, Y., Iwata, M., Mimura, S., Ito, T., 
Tamura, K., & Kato, Y. (2020). Clinical evaluation of self- collected 
saliva by quantitative reverse transcription- PCR (RT- qPCR), di-
rect RT- qPCR, reverse transcription- loop- mediated isothermal 
amplification, and a rapid antigen test to diagnose COVID- 19. 
Journal of Clinical Microbiology, 58(9), e01438– e1520. https://doi.
org/10.1128/JCM.01438 - 20

Ong, D. S. Y., Man, S. J., Lindeboom, F. A., & Koeleman, J. G. M. (2020). 
Comparison of diagnostic accuracies of rapid serological tests and 
ELISA to molecular diagnostics in patients with suspected corona-
virus disease 2019 presenting to the hospital. Clinical Microbiology 
and Infection, 26(8), 1094e7– 1094e10. https://doi.org/10.1016/j.
cmi.2020.05.028

Pegoraro, M., Militello, V., Salvagno, G. L., Gaino, S., Bassi, A., Caloi, 
C., Peretti, A., Bizzego, S., Poletto, L., Bovo, C., Lippi, G., & Lo 
Cascio, G. (2021). Evaluation of three immunochromatographic 
tests in COVID- 19 serologic diagnosis and their clinical usefulness. 
European Journal of Clinical Microbiology & Infectious Diseases, 40(4), 
897– 900. https://doi.org/10.1007/s1009 6- 020- 04040 - 1

Tan, S. H., Allicock, O., Armstrong- Hough, M., & Wyllie, A. L. (2021). Saliva 
as a gold- standard sample for SARS- CoV- 2 detection. The Lancet 
Respiratory Medicine, 9(6), 562– 564. https://doi.org/10.1016/
S2213 - 2600(21)00178 - 8

To, K.- W., Tsang, O.- Y., Yip, C.- Y., Chan, K.- H., Wu, T.- C., Chan, J.- C., 
Leung, W.- S., Chik, T.- H., Choi, C.- C., Kandamby, D. H., Lung, D. C., 
Tam, A. R., Poon, R.- S., Fung, A.- F., Hung, I.- N., Cheng, V.- C., Chan, 
J.- W., & Yuen, K.- Y. (2020). Consistent detection of 2019 novel 
coronavirus in saliva. Clinical Infectious Diseases, 71(15), 841– 843. 
https://doi.org/10.1093/cid/ciaa149

Wang, C., Horby, P. W., Hayden, F. G., & Gao, G. F. (2020). A novel coro-
navirus outbreak of global health concern. Lancet, 395(10223), 
470– 473. https://doi.org/10.1016/S0140 - 6736(20)30185 - 9

World Health Organization (2020). Clinical management of COVID- 19: 
Interim guidance, 27 May 2020. World Health Organization. 
https://apps.who.int/iris/handl e/10665/ 332196

Xu, R., Cui, B., Duan, X., Zhang, P., Zhou, X., & Yuan, Q. (2020). 
Saliva: Potential diagnostic value and transmission of 2019- 
nCoV. International Journal of Oral Science, 12(1), 11. https://doi.
org/10.1038/s4136 8- 020- 0080- z

Zhao, J. R. J., Yuan, Q., Wang, H., Liu, W., Liao, X., Su, Y., & Zhang, Z. 
(2020). Antibody responses to SARSCoV- 2 in patients of novel 
coronavirus disease 2019. Clinical Infectious Diseases, 71(16), 2027– 
2034. https://doi.org/10.1093/cid/ciaa344

How to cite this article: Vilela, A. C. S., Costa, C. A., Oliveira, 
S. A., Souza, M. B. L. D., Fiaccadori, F. S., Leles, C. R., & Costa, 
N. L. (2021). Validity and reliability of 
immunochromatographic IgM/IgG rapid tests for COVID- 19 
salivary diagnosis. Oral Diseases, 00, 1– 9. https://doi.
org/10.1111/odi.14059

https://doi.org/10.4014/jmb.2003.03011
https://doi.org/10.1111/odi.13934
https://doi.org/10.1111/odi.13934
https://doi.org/10.1016/j.cca.2021.02.014
https://doi.org/10.1016/j.cca.2021.02.014
https://doi.org/10.1016/j.jinf.2020.04.033
https://doi.org/10.1016/j.jinf.2020.04.033
https://doi.org/10.1002/14651858.CD013705
https://doi.org/10.1002/14651858.CD013705
https://doi.org/10.1177/0022034520960070
https://doi.org/10.1177/0022034520960070
https://doi.org/10.1016/j.heliyon.2020.e04929
https://doi.org/10.1007/s10096-020-04010-7
https://doi.org/10.1371/journal.pone.0249449
https://doi.org/10.3390/ijerph17072225
https://doi.org/10.1128/JVI.02292-10
https://doi.org/10.1186/s12916-020-01810-8
https://doi.org/10.1186/s12916-020-01810-8
https://doi.org/10.1128/JCM.01438-20
https://doi.org/10.1128/JCM.01438-20
https://doi.org/10.1016/j.cmi.2020.05.028
https://doi.org/10.1016/j.cmi.2020.05.028
https://doi.org/10.1007/s10096-020-04040-1
https://doi.org/10.1016/S2213-2600(21)00178-8
https://doi.org/10.1016/S2213-2600(21)00178-8
https://doi.org/10.1093/cid/ciaa149
https://doi.org/10.1016/S0140-6736(20)30185-9
https://apps.who.int/iris/handle/10665/332196
https://doi.org/10.1038/s41368-020-0080-z
https://doi.org/10.1038/s41368-020-0080-z
https://doi.org/10.1093/cid/ciaa344
https://doi.org/10.1111/odi.14059
https://doi.org/10.1111/odi.14059

