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Abstract

Molecular assays on nasopharyngeal swabs act as the confirmatory test in CoronaVIrus Disease (COVID-19) diagnosis. Despite

massive efforts had been made, the high technicalities of nasopharyngeal sampling and molecular assays limit the testing

capabilities. Currently, the use of saliva for diagnosis has been recently suggested for COVID-19 diagnostic testing. In a recent

research, salivary IgA was associated with the presence of pneumonia, which might illuminate that salivary IgA was independent

from serum immunoglobulins. In this study, a total of 44 patients diagnosed with COVID-19 in the Third People’s Hospital of

Shenzhen were enrolled. Saliva specimens and serum specimens were obtained at different time points and the immunoglobulins

against the SARS-CoV-2 was measured. The results showed that saliva IgA presented higher COI value than IgG and IgM.

In matched saliva and serum samples, all saliva presented lower IgG level than serum, and only one saliva sample presented

higher IgM level. The conversion rates of saliva IgA and the detection of viral nucleic acid were analyzed in the first and second

week after hospitalization. The positive rates were obviously increased when combining the saliva IgA and viral nucleic acid

detection. Saliva IgA could serve as useful index for early diagnosis of COVID-19.
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Abstract

Molecular assays on nasopharyngeal swabs act as the confirmatory test in CoronaVIrus Disease (COVID-19)
diagnosis. Despite massive efforts had been made, the high technicalities of nasopharyngeal sampling and
molecular assays limit the testing capabilities. Currently, the use of saliva for diagnosis has been recently
suggested for COVID-19 diagnostic testing. In a recent research, salivary IgA was associated with the pres-
ence of pneumonia, which might illuminate that salivary IgA was independent from serum immunoglobulins.
In this study, a total of 44 patients diagnosed with COVID-19 in The Third People’s Hospital of Shenzhen
were enrolled. Saliva specimens and serum specimens were obtained at different time points and the im-
munoglobulins against the SARS-CoV-2 was measured. The results showed that saliva IgA presented higher
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COI value than IgG and IgM. In matched saliva and serum samples, all saliva presented lower IgG level than
serum, and only one saliva sample presented higher IgM level. The conversion rates of saliva IgA and the
detection of viral nucleic acid were analyzed in the first and second week after hospitalization. The positive
rates were obviously increased when combining the saliva IgA and viral nucleic acid detection. Saliva IgA
could serve as useful index for early diagnosis of COVID-19.

Keywords

COVID-19, SARS-CoV-2, immunoglobulins, saliva IgA, diagnose

Introduction

Outbreak pneumonia announced in Wuhan, China, in December 2019, had its causative factor classified
as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The current CoronaVIrus Disease
(COVID-19) pandemic is developing rapidly into a dramatically devastating public health crises in recent
history. By April 2021, reported cases exceeded 147 million worldwide, with at least 3,144,381 deaths and
110.27 million people recovered. Molecular assays on nasopharyngeal swabs act as the confirmatory test
in COVID-19 diagnosis. Despite massive efforts had been made, the high technicalities of nasopharyngeal
sampling and molecular assays limit the testing capabilities [1]. The positive rate of RT-PCR RNA detec-
tion was 63% in nasal swabs and only 32% in pharyngeal swabs [2]. Serological assays play an important
supporting role in COVID-19 clinical diagnosis. Generally, IgM and IgG-based assays are the gold standard
for serological diagnosis in COVID-19 [3]. Nowadays, SARS-CoV-2 S1 and N antigens have been detected
in the serum of SARS-CoV-infected patients [4], which might identify active infection and monitor disease
progression in COVID-19 patients.

Currently, nasopharyngeal swabs are main recommended upper respiratory tract specimen types for COVID-
19 diagnostic testing, while the use of saliva for the diagnosis of the disease has been recently suggested
[5,6]. Saliva specimens could be conveniently obtained by telling patients to spit into a sterile container,
which is non-painful and non-stressful for patients [7]. Also, the collection of saliva is non-invasive and
greatly minimizes the exposure of healthcare workers to COVID-19. Some researchers have concluded that
detection of SARS-CoV-2 salivary antibodies could serve as a non-invasive alternative to serological testing
for monitoring of SARS-CoV-2 infection and seropositivity at population scale [8]. Saliva is secreted by
salivary glands which is characteristic in abundant IgA. Usually, salivary IgG and IgM concentrations are
much lower than in serum [9]. It has been hypothesized that both salivary IgG and IgM are derived from
blood, whereas IgA is mainly produced by the salivary glands [10].

In a recent COVID-19 research, salivary IgA was associated with the presence of pneumonia, but not associ-
ated with serum immunoglobulins [11]. This might illuminate that salivary IgA was independent from serum
immunoglobulins. In this study, we measured saliva specimens and serum specimens from 44 COVID-19
patients and 24 negative-control patients. The associations between saliva and serum immunoglobulins were
described and the potential of saliva IgA in COVID-19 diagnosis was assessed.

Results

Patients diagnosed with COVID-19 from August 1st to September 1st, at The Third People’s Hospital of
Shenzhen were enrolled in this study (n = 44). The characteristics including age, gender and disease severity
were listed in Table 1 . Most patients were male and asymptomatic. The average age of the patients was
43 years (range, 22-62 years). Saliva and serum from patients were collected and the levels of IgA, IgG and
IgM were measured. The highest COI values of each patient was used to present the immunoglobulin level
in saliva or serum. As shown inFig. 1 and Table 2 , 14 patients presented positive IgA in saliva, while 7
and 4 patients presented positive IgG and IgM, respectively. Moreover, IgA presented higher COI value than
IgG and IgM in saliva (p = 0.0128 and p = 0.0297, respectively). 24 negative-control patients were selected
randomly from inpatient departments as negative control. IgA, IgG or IgM in saliva and serum specimens
were all negative (Fig. 2 ).

Saliva and serum which were collected on the same day or two consecutive days were analyzed as matched
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samples (n=15) (Table 3) . As shown in Fig. 3A-C , 5 saliva specimens presented higher IgA level than
matched serum. In general, IgA in saliva specimens showed a roughly same level with serum (saliva, 11
positive vs 4 negative; serum, 10 positive vs 5 negative). IgG and IgM levels in saliva specimens were lower
than those in serum (p < 0.0001 and p = 0.0444, respectively). All saliva presented lower IgG level than
serum (saliva, 5 positive vs 10 negative; serum, 15 positive vs 0 negative), and only one saliva specimen
presented higher IgM level (saliva, 3 positive vs 12 negative; serum, 5 positive vs 10 negative). No clear
correlation was observed among IgA, IgG and IgM positive samples (Fig. 3D ).

To investigate whether the test of saliva IgA could improve the diagnostic power of COVID-19 patients, the
conversion rates of saliva IgA and the detection of viral nucleic acid were analyzed in the first and second
week after hospitalization (n=39) (Table 4 ). Though all the patients were hospitalized with positive nucleic
acid result at the beginning, the positive rate was as low as 35.90% in the first week, and then 12.82% in
the second week. The positive rates were obviously increased with saliva IgA.

Discussion

This study provides data about the use of saliva for the detection of SARS-CoV-2 specific antibodies of
samples from COVID-19 patients. The present study was conducted at The Third People’s Hospital of
Shenzhen in September 2020, so most patients enrolled were in the recovery phase of the disease. This may
explain why the percentage of positive rate of SARS-CoV-2 nucleic acid in our inpatients series was low.

Saliva has been used over decades for evaluating human health. It offers several advantages as a diagnostic
medium in that it is a noninvasive, painless, safe, and convenient specimen. Whereas some consider phle-
botomy specimens to be too invasive and uncomfortable, saliva sampling is widely accepted, particularly
among vulnerable or difficult-to-reach populations, and could facilitate home-based self-collection [12,13].
Pisanic N et al. have tested SARS-CoV-2 specific IgA, IgG and IgM in saliva specimens with considerable
detection rate [8]. In an Australian family case, saliva antibodies were also detected from all family members
[14]. In our study, despite the low detection rate, IgA, IgG and IgM were all detectable in saliva specimens.

Secretory IgA is a principal component of mucosal immunity, and can easily be measured in saliva[15]. In a
recent research, IgA has been proved to be the dominant antibody in early SARS-CoV-2-specific humoral re-
sponses [16]. Salivary IgA antibody response was reported to be particularly prevalent in younger individuals
with mild SARS-CoV-2 infection [17]. Similarly, in our results, the level and detection rate of IgA in saliva
were obviously higher than IgG and IgM. The correlation between saliva and serum SARS-CoV-2-specific
antibodies has been assessed that IgA, IgG and IgM levels in matched saliva and serum samples were all
significantly correlated [8]. While, IgA levels in the saliva was reported to exhibit the poorest correlation
with IgA levels in the serum[18]. In our results, levels of IgG and IgM in saliva were obviously lower than
in serum. When comparing the IgA level in paired saliva and serum samples, no clear correlation could be
drawn.

Recently, saliva has been proposed as a suitable specimen for the diagnosis of COVID-19, and the collection
method would reduce the exposure risk of frontline health workers which is one of major concerns in primary
healthcare settings [19]. SARS-CoV-2 RNA could remain detectable in saliva over a 1-week period but the
test is unstable and vulnerable [20,21]. Neutralizing IgA was reported to remain detectable in saliva for a
longer time (days 49 to 73 post symptoms) than in serum [16]. Our results have shown that testing for
antibodies against SARS-CoV-2 was sensitive in saliva samples, providing an easy, noninvasive option for
detection of prior infection. The combination of antibody test on saliva and traditional molecular assays on
nasopharyngeal swabs could approve the diagnosis ability. Also, the increased salivary IgA has been proposed
to serve as a biomarker to identify patients at an elevated risk of clinical deterioration in COVID-19 [15].
All these evidences suggested that the IgA in saliva could play an important role in COVID-19 diagnosis.

This study has several limitations. First, it is well known that the antibody concentration in human saliva is
orders of magnitude lower than in blood or serum. Assays with exquisite analytical sensitivity and capable
of detecting high signal over background noise were demanded [22]. Additionally, our sample set was not
large enough, especially lacking the samples at early time points, weakening the robustness of our findings in
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saliva. Future studies could improve on the robustness by including a larger sample size at all time points.

Materials and Methods

Patients

A total of 44 patients diagnosed with COVID-19 based on the World Health Organization’s interim guidance,
from August 1st to September 1st, 2020, at The Third People’s Hospital of Shenzhen were enrolled in this
study. 24 negative-control patients with no SARS-CoV-2 infection were selected randomly from inpatient
departments at the same time. The study was approved by the Ethics Committee of The Third People’s
Hospital of Shenzhen. Written informed consents were obtained from all participants enrolled in the study.

Immunoglobulin measurement

A total 180 saliva specimens and 181 peripheral blood specimens were obtained from COVID-19 patients
with RT-PCR-confirmed prior SARS-CoV-2 infection, at different time points during hospitalization. Saliva
specimens and peripheral blood specimens were also obtained from negative-control patients. The serum
specimens were obtained from the supernatant of centrifuged peripheral blood at 3500 rpm for 5 min.
The saliva specimens were also centrifuged and the supernatants were obtained to perform immunoglobulin
detection. Before test, all specimens were inactivated at 56 for 30 min. Immunoglobulins against the
SARS-CoV-2 surface spike protein receptor-binding domain (RBD) was measured by chemiluminescence kit
(IgA, IgG, and IgM, Beijing Wantai Biotech, China) according to the manufacturer’s instruction in the
Caris200 automatic chemiluminescence instrument. Fluorescence intensity was used to measure antibody
concentration. The relative fluorescence of sample to control (COI) was used to estimate the result. The
results [?] 1 COI are positive, and the results < 1 COI are negative. The peak COI values of immunoglobulins
were analyzed based on the results of relative fluorescence measurement.

Real-time PCR detection of SARS-CoV-2

Over 240 swab samples were obtained from the upper respiratory tracts of participants at different time points
throughout hospitalization. The presence of SARS-CoV-2 was detected by qRT-PCR assay as previously
reported. Briefly, the nucleocapsid protein and open reading frame 1ab were amplified and examined with
two pairs of primers. Each sample was detected in triplicate with positive and negative controls. The
diagnostic criteria were based on the recommendations by the National Centers for Disease Control and
Prevention of China.

Statistical analysis

The statistical analysis was performed in SPSS software version 22.0. All statistical figures were drawn in
GraphPad Prism software version 8.0.1. Student’s t-test was used for comparing the difference between
different antibodies in saliva. Paired t-test was used to analyze the difference of antibody COI between
serum and saliva.

Funding

This research was funded by Shenzhen Fund for Guangdong Provincial High-level Clinical Key Specialties
grant number SZGSP010 and SZGSP011.

Acknowledgments

The authors wish to thank the Cell Bank of The Third People’s Hospital of Shenzhen for bio-samples and
services provided. We also thank the clinical staff at The Third People’s Hospital of Shenzhen and all study
participants.

Institutional Review Board Statement

The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the
Ethics Committee of The Third People’s Hospital of Shenzhen.

5



P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

66
66

32
.2

76
22

37
1/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Data Availability Statement

The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.

Conflicts of Interest

The authors declare no conflict of interest.

REFERRENCE

1. Hingrat, Q.L.; Visseaux, B.; Laouenan, C.; Tubiana, S.; Bouadma, L.; Yazdanpanah, Y.; Duval, X.;
Burdet, C.; Ichou, H.; Damond, F.; et al. Detection of SARS-CoV-2 N-antigen in blood during acute
COVID-19 provides a sensitive new marker and new testing alternatives.Clinical microbiology and infec-
tion : the official publication of the European Society of Clinical Microbiology and Infectious Diseases2020,
doi:10.1016/j.cmi.2020.11.025.

2. Wang, W.; Xu, Y.; Gao, R.; Lu, R.; Han, K.; Wu, G.; Tan, W. Detection of SARS-CoV-2 in Different
Types of Clinical Specimens. Jama2020, 323 , 1843-1844, doi:10.1001/jama.2020.3786.

3. Wang, P. Significance of IgA antibody testing for early detection of SARS-CoV-2. Journal of medical
virology 2020, doi:10.1002/jmv.26703.

4. Ogata, A.F.; Maley, A.M.; Wu, C.; Gilboa, T.; Norman, M.; Lazarovits, R.; Mao, C.P.; Newton, G.;
Chang, M.; Nguyen, K.; et al. Ultra-sensitive Serial Profiling of SARS-CoV-2 Antigens and Antibodies in
Plasma to Understand Disease Progression in COVID-19 Patients with Severe Disease.Clinical chemistry
2020, doi:10.1093/clinchem/hvaa213.

5. Sabino-Silva, R.; Jardim, A.C.G.; Siqueira, W.L. Coronavirus COVID-19 impacts to dentistry and po-
tential salivary diagnosis. Clinical oral investigations 2020, 24 , 1619-1621, doi:10.1007/s00784-020-03248-x.

6. Khurshid, Z.; Asiri, F.Y.I.; Al Wadaani, H. Human Saliva: Non-Invasive Fluid for Detecting Novel
Coronavirus (2019-nCoV).International journal of environmental research and public health2020, 17 ,
doi:10.3390/ijerph17072225.

7. To, K.K.; Tsang, O.T.; Yip, C.C.; Chan, K.H.; Wu, T.C.; Chan, J.M.; Leung, W.S.; Chik, T.S.;
Choi, C.Y.; Kandamby, D.H.; et al. Consistent Detection of 2019 Novel Coronavirus in Saliva. Clinical
infectious diseases : an official publication of the Infectious Diseases Society of America 2020, 71 , 841-843,
doi:10.1093/cid/ciaa149.

8. Pisanic, N.; Randad, P.R.; Kruczynski, K.; Manabe, Y.C.; Thomas, D.L.; Pekosz, A.; Klein, S.L.; Beten-
baugh, M.J.; Clarke, W.A.; Laeyendecker, O.; et al. COVID-19 Serology at Population Scale: SARS-CoV-2-
Specific Antibody Responses in Saliva. Journal of clinical microbiology 2020, 59 , doi:10.1128/jcm.02204-20.

9. McKie, A.; Vyse, A.; Maple, C. Novel methods for the detection of microbial antibodies in oral fluid. The
Lancet. Infectious diseases 2002, 2 , 18-24, doi:10.1016/s1473-3099(01)00169-4.

10. Parry, J.V.; Perry, K.R.; Mortimer, P.P. Sensitive assays for viral antibodies in saliva: an alternative to
tests on serum. Lancet (London, England) 1987, 2 , 72-75, doi:10.1016/s0140-6736(87)92737-1.

11. Aita, A.; Basso, D.; Cattelan, A.M.; Fioretto, P.; Navaglia, F.; Barbaro, F.; Stoppa, A.; Coccorullo, E.;
Farella, A.; Socal, A.; et al. SARS-CoV-2 identification and IgA antibodies in saliva: One sample two tests
approach for diagnosis. Clinica chimica acta; international journal of clinical chemistry 2020, 510 , 717-722,
doi:10.1016/j.cca.2020.09.018.

12. Dyal, J.W.; Grant, M.P.; Broadwater, K.; Bjork, A.; Waltenburg, M.A.; Gibbins, J.D.; Hale, C.;
Silver, M.; Fischer, M.; Steinberg, J.; et al. COVID-19 Among Workers in Meat and Poultry Pro-
cessing Facilities - 19 States, April 2020. MMWR. Morbidity and mortality weekly report 2020, 69 ,
doi:10.15585/mmwr.mm6918e3.

6



P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

66
66

32
.2

76
22

37
1/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

13. Lloyd-Sherlock, P.; Ebrahim, S.; Geffen, L.; McKee, M. Bearing the brunt of covid-19: older people in
low and middle income countries.BMJ (Clinical research ed.) 2020, 368 , m1052, doi:10.1136/bmj.m1052.

14. Tosif, S.; Neeland, M.R.; Sutton, P.; Licciardi, P.V.; Sarkar, S.; Selva, K.J.; Do, L.A.H.; Donato, C.;
Quan Toh, Z.; Higgins, R.; et al. Immune responses to SARS-CoV-2 in three children of parents with
symptomatic COVID-19. Nature communications 2020, 11 , 5703, doi:10.1038/s41467-020-19545-8.

15. Varadhachary, A.; Chatterjee, D.; Garza, J.; Garr, R.P.; Foley, C.; Letkeman, A.F.; Dean, J.; Haug, D.;
Breeze, J.; Traylor, R.; et al. Salivary anti-SARS-CoV-2 IgA as an accessible biomarker of mucosal immunity
against COVID-19. medRxiv : the preprint server for health sciences 2020, doi:10.1101/2020.08.07.20170258.

16. Sterlin, D.; Mathian, A.; Miyara, M.; Mohr, A.; Anna, F.; Claër, L.; Quentric, P.; Fadlallah, J.;
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Tables

Table 1. Characteristics of enrolled patients (n = 44).

Patient Gender Age Disease severity Patient Gender Age Disease severity

p1 male 50 asymptomatic p23 male 51 asymptomatic
p2 male 33 asymptomatic p24 male 35 asymptomatic
p3 male 48 asymptomatic p25 male 43 asymptomatic
p4 male 43 asymptomatic p26 male 40 asymptomatic
p5 male 33 asymptomatic p27 male 48 asymptomatic
p6 male 48 asymptomatic p28 male 51 asymptomatic
p7 male 32 asymptomatic p29 male 40 asymptomatic
p8 female 37 severe p30 male 41 asymptomatic
p9 male 44 asymptomatic p31 male 46 asymptomatic
p10 male 59 asymptomatic p32 male 30 asymptomatic
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Patient Gender Age Disease severity Patient Gender Age Disease severity

p11 male 31 asymptomatic p33 male 43 asymptomatic
p12 male 33 asymptomatic p34 female 62 moderate
p13 male 36 asymptomatic p35 male 34 asymptomatic
p14 male 44 asymptomatic p36 male 32 asymptomatic
p15 male 28 asymptomatic p37 male 42 asymptomatic
p16 male 29 asymptomatic p38 male 50 asymptomatic
p17 male 51 asymptomatic p39 male 54 asymptomatic
p18 female 52 asymptomatic p40 male 52 asymptomatic
p19 male 43 asymptomatic p41 male 46 asymptomatic
p20 female 53 asymptomatic p42 male 22 asymptomatic
p21 male 34 asymptomatic p43 male 39 moderate
p22 male 40 asymptomatic p44 male 29 asymptomatic

Table 2. Positive rate of immunoglobulins in saliva.

Immunoglobulin Positive (+) Negative (-) total Positive rate (%)

IgA 14 30 44 31.82
IgG 7 37 44 15.91
IgM 4 40 44 9.09

Table 3. The collection time and results of paired serum and saliva specimens.

serum serum serum serum serum serum serum saliva saliva saliva saliva saliva saliva saliva

collection time (days) IgA IgA IgG IgG IgM IgM collection time (days) IgA IgA IgG IgG IgM IgM
2 0.98 (-) 8.08 (+) 4.52 (+) 3 0.35 (-) 0.43 (-) 1.76 (+)
2 2.14 (+) 12.6 (+) 5.17 (+) 3 1.03 (+) 0.46 (-) 0.27 (-)
4 3.93 (+) 7.55 (+) 0.2 (-) 3 1.32 (+) 0.65 (-) 0.17 (-)
5 1.88 (+) 20.68 (+) 6.82 (+) 4 1.75 (+) 1.78 (+) 2.56 (+)
5 0.37 (-) 8.53 (+) 0.85 (-) 4 1.12 (+) 0.54 (-) 0.44 (-)
7 1.15 (+) 2.24 (+) 4.8 (+) 6 1.13 (+) 0.04 (-) 0.12 (-)
8 4.85 (+) 18.82 (+) 3.43 (+) 7 0.14 (-) 1.37 (+) 0.21 (-)
8 4.5 (+) 5.64 (+) 0.16 (-) 8 4.7 (+) 0.3 (-) 0.04 (-)
9 1.21 (+) 17.74 (+) 0.24 (-) 10 1.47 (+) 1.95 (+) 0.29 (-)
11 1.36 (+) 10.3 (+) 0.08 (-) 10 5.21 (+) 0.04 (-) 0.04 (-)
11 0.66 (-) 3.49 (+) 0.45 (-) 12 0.09 (-) 1.37 (+) 0.22 (-)
12 2.42 (+) 12.36 (+) 0.28 (-) 12 0.41 (-) 2.43 (+) 0.13 (-)
13 0.71 (-) 12.98 (+) 0.41 (-) 12 1.23 (+) 0.19 (-) 0.25 (-)
14 6.06 (+) 5.66 (+) 0.26 (-) 13 4.15 (+) 0.54 (-) 2.68 (+)
19 0.99 (-) 3.8 (+) 0.12 (-) 20 1.03 (+) 0.16 (-) 0.12 (-)

Note:

The first column of each type of immunoglobulins was COI value and the second column was the qualitative
result. (+) means positive and (-) means negative.

Table 4. Positive detection rate of SARS-CoV-2 nucleic acid and saliva IgA at different time
periods.
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Time (days) RNA RNA saliva IgA saliva IgA RNA or saliva IgA RNA or saliva IgA

n positive rate (%) n positive rate (%) n positive rate (%)
1-7 14 35.90 6 15.38 19 48.72
8-14 5 12.82 3 7.69 8 20.51
1-14 15 38.46 8 20.51 20 51.28

Figures
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Figure 1 Peak levels of saliva immunoglobulins in COVID-19 patients.
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Figure 2 Immunoglobulins in serum and saliva specimens from negative-control patients.

Figure 3 Comparison of immunoglobulins in serum and saliva.

Figure Legends

Figure 1 Peak levels of saliva immunoglobulins in COVID-19 patients.
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Each point presented the highest measured COI value of immunoglobulin in saliva of each patients. Positive
results were colored in red.

Figure 2 Immunoglobulins in serum and saliva specimens from negative-control patients.

Each point presented the COI value of IgA (A), IgG (B) and IgM (C) in serum or saliva specimens of each
negative-control patient. The detection threshold was marked in each figure at COI = 1.

Figure 3 Comparison of immunoglobulins in serum and saliva.

A-C: Each point presented a measured COI value of immunoglobulin in serum or saliva. Two points with
line were paired samples collected from same patient. Red points presented positive result. Red lines meant
the level of immunoglobulin in saliva was higher than the corresponding serum. D: The list of antibody
levels 15 saliva samples.

+ means positive and – means negative.
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