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1  |  INTRODUC TION

COVID- 19 has emerged as an unprecedented challenge for the 
healthcare industry as well the whole world. While recently ap-
proved vaccines have begun distribution in many countries, diag-
nostic tests for COVID- 19 remain an essential tool to detect and 
track the transmission of the disease until most of the population 
become vaccinated. Conventional tests use reverse transcriptase- 
polymerase chain reaction (RT- PCR) techniques to detect the 

presence of SARS- CoV- 2 nucleic acids in patient samples, usually 
from nasopharyngeal swab (NPS) specimens (Udugama et al., 2020). 
However, NPS collection can be invasive and uncomfortable for 
patients, and places healthcare workers at risk of infection. NPS 
sensitivity may also vary depending on time of specimen collec-
tion relative to the disease progression of COVID- 19 (Kucirka et al., 
2020). All these reasons considered, it is crucial to investigate other 
promising methods of detection that are less invasive and more ac-
curate for diagnosing COVID- 19.
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Abstract
Objectives: This scoping review aims to summarize the diagnostic value of saliva as-
sessed from current studies that (1) compare its performance in reverse transcriptase- 
polymerase chain reaction testing to nasopharyngeal swabs, (2) evaluate its 
performance in rapid and point- of- care COVID- 19 diagnostic tests, and (3) explore its 
use as a specimen for detecting anti- SARS- CoV- 2 antibodies.
Materials and Methods: A systematic search was performed on the following data-
bases: Medline and Embase (Ovid), World Health Organization, Centers for Disease 
Control and Prevention, and Global Health (Ovid) from January 2019 to September 
2021. Of the 657 publications identified from the searches, n = 146 articles were 
included in the final scoping review.
Results: Our findings showcase that salivary samples exceed nasopharyngeal swabs 
in detecting SARS- CoV- 2 using reverse transcriptase- polymerase chain reaction 
testing in several studies. A select number of rapid antigen and point- of- care tests 
from the literature were also identified capable of high detection rates using saliva. 
Moreover, anti- SARS- CoV- 2 antibodies have been shown to be detectable in saliva 
through biochemical assays.
Conclusion: We highlight the potential of saliva as an all- rounded specimen in de-
tecting SARS- CoV- 2. However, future large- scale clinical studies will be needed to 
support its widespread use as a non- invasive clinical specimen for COVID- 19 testing.
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Saliva and oral fluids have been increasingly used for the detec-
tion of various systemic diseases and infections (Javaid et al., 2016). 
With respect to COVID- 19, there is currently evidence showing 
multiple pathways through which SARS- CoV- 2 can show presence 
in saliva: through spread from the upper/lower respiratory tract, 
from gingival crevicular fluid, or from direct infection of the sali-
vary glands which can then act as a viral reservoir (Han & Ivanovski, 
2020). Moreover, saliva collection is economical, is less invasive 
and more comfortable for patients, and utilizes minimal equipment 
(Khurshid et al., 2020). Early studies evaluating SARS- CoV- 2 RT- PCR 
using saliva samples reported detection rates of viral ribonucleic 
acid (RNA) as high as 90% (To et al., 2020) as well as high sensitiv-
ity and specificity values at 0.88 and 0.92, respectively (Atieh et al., 
2021). Further studies have demonstrated that saliva specimens 
show positive test results even when other respiratory specimens of 
the same patient test negative for SARS- CoV- 2 (Hamid et al., 2020). 
Saliva may also provide information regarding the course of the dis-
ease. Viral load has been found to be highest in saliva specimens 
during the first week of symptom manifestation and serum antibod-
ies against SARS- CoV- 2 have been detected in patients while viral 
RNA was still detectable in saliva (Hamid et al., 2020). Although the 
extent of COVID- 19 antibodies in saliva is still largely unknown, sal-
ivary immunoglobin G (IgG) profiles in general have been shown to 
be highly similar to plasma IgG profiles for a large number of antigens 
(Ceron et al., 2020). Therefore, saliva may have the potential to play 
a major role in COVID- 19 diagnosis and disease progression mon-
itoring, from detecting viral loads not evident in respiratory spec-
imens to screening for immunity. However, large- scale evaluation 
of saliva- based COVID- 19 diagnostic tests compared to the current 
standard NPS- based tests have yet to be conducted. Furthermore, 
the role of saliva as a sample for use in rapid antigen and point- of- 
care (POC) tests may also require further investigation.

The aim of this review was to provide insight on the current avail-
able evidence regarding the efficacy of saliva as a specimen in RT- 
PCR- based COVID- 19 diagnostic tests compared to NPS specimens, 
as a specimen for rapid antigen/POC COVID- 19 diagnostic tests, and 
its potential for COVID- 19 immunity screening.

2  |  METHODS

2.1  |  Study design

A scoping review was conducted using the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses) 
Extension for Scoping Reviews checklist (Tricco et al., 2018).

2.2  |  Search strategy

A systematic search was performed on the following databases: Ovid 
Medline and Embase, World Health Organization (WHO), Centers 
for Disease Control and Prevention (CDC), and Ovid Global Health. 

The following key terms were used: (exp Coronavirus/OR corona-
virus.mp. OR 2019- nCoV.mp. OR Covid- 19.mp. OR Sars- CoV- 2.mp. 
OR novel coronavirus.mp.) AND (exp Diagnosis/OR screen*.tw. OR 
detect*.tw.) AND (exp Saliva/OR salivary fluid.tw. OR salivary bio-
markers.tw. OR saliva.tw. OR saliva sample.tw. OR oral fluid.tw.)

2.3  |  Eligibility criteria and selection of manuscripts

The following inclusion criteria were used for screening search re-
sults: Articles must be primary research studies, within the publi-
cation range 01/01/2019– 09/27/2021, in the English language, 
and contain a study sample of at least 10 confirmed COVID- 19- 
positive patients. Included articles were grouped into the following 
three categories: (1) Saliva as a RT- PCR Specimen for SARS- CoV- 2; (2) 
Rapid antigen/POC COVID- 19 Testing with Saliva; and (3) SARS- CoV- 2 
Antibody Testing with Saliva. Review articles, case studies, animal 
studies, and letters to the editor were excluded from the study.

2.4  |  Screening and data extraction

Screening of search results was performed independently by three 
authors (Y.W., A.U., and P.K.) on Rayyan QCRI. Each author was 
blinded from the screening results of the other two authors, and all 
three authors convened after completing independent screening to 
resolve disagreements through discussion to reach the final decision 
on included articles. Duplicate articles were excluded. One investi-
gator was assigned to each of the three categories (A.U., Y.W., and 
P.K.) to extract data from the articles. The final sets of included ar-
ticles were summarized in Figure 1 and Tables 1– 3 along with their 
relevant details.

3  |  RESULTS

Details of the study selection process are described in the PRISMA 
flow diagram presented by Figure 1. In summary, a total of 657 pub-
lications were found through search results from databases. After 
title and abstract screening and removing duplicates, 224 articles 
were retrieved along with full text versions for manual assessment. 
Finally, a total of 146 eligible articles were included in the present 
review.

3.1  |  Saliva as a RT- PCR specimen for SARS- CoV- 2

A plethora of literature has followed utilizing saliva as a diagnos-
tic tool, owing to the evidence of SARS- CoV- 2 presence in saliva 
(Table 1). Studies that made the cutoff criteria for number of patients 
had sample sizes ranging from 13 to 3000. The cohorts included 
symptomatic as well as asymptomatic patients, patients tested in 
outpatient departments, general surveys, hospitalized patients, and 
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healthcare workers. Genes amplified for RT- PCR detection were 
most commonly the E (Envelope) (n = 38), N (Nucleocapsid) (n = 34), 
ORF1ab (Open Reading Frame) (n = 31), RdRp (RNA- dependent RNA 
polymerase) (n = 24), N1 and N2 (n = 18), S (Spike) (10), and ORF8 
(n = 1). Samples collected varied from saliva, naso- oropharyngeal 
swabs, anterior nasal swabs, deep throat swabs, gargles, rinses, 
and cerumen. Different sampling techniques for saliva included 
drool, spit, gingival fluid, and sputum, and were either self- collected 
or collected under healthcare worker supervision/assistance. A few 
cases included a sample- specific collection time, such as morning 
only samples. The disease states extended from general popula-
tion and healthcare worker surveys in asymptomatic individuals, to 
symptomatic and hospitalized patients at the convalescent phase of 
the disease.

Sensitivity recorded for saliva samples included values from 44% 
(Sutjipto et al., 2020), 64% (Kim et al., 2020), and 95.5% (Fukumoto 
et al., 2020). Specificity for SARS- CoV- 2 in saliva ranged from 98.5% 
(95% CI 96.8– 99.5) to 99% (Smith- Jeffcoat et al., 2021). When com-
pared to standard NPS samples, saliva showed a positive predictive 
value (PPV) of 90% (95% CI 79%– 97%) and a negative predictive 
value (NPV) 97% (95% CI 96%– 98%) (Smith- Jeffcoat et al., 2021). 
Cycle threshold (Ct) values range in saliva around 24– 40 (Azzi et al., 
2020a, 2020b; Barra et al., 2021), with 28.5– 35 for the ORF1ab 
gene and 28.4– 33.7 for the N gene as observed by Pasomub and 
colleagues (Pasomsub et al., 2021). Early morning samples had the 
highest viral load in hospitalized patients (Hung et al., 2020). Better 
detection in later stages was also suggested, as dual testing in both 

positive and recovering patients may limit the spread from such 
patients by ensuring an appropriate isolation period (Iwasaki et al., 
2020; Sahajpal et al., 2021). There is a positive correlation between 
saliva and NPS samples (Aydin et al., 2021; Matic et al., 2021) with 
positive percent agreement (PPA) ranging from 66.7% (Ku et al., 
2021; Senok et al., 2020) to 100% (Cassinari et al., 2021; Mendoza 
et al., 2021). More concordance was seen for negative results with 
negative percent agreement (NPA) values at 91.7% (Ku et al., 2021), 
98% (Paliksa et al., 2021; Senok et al., 2020), and 100% (Potter et al., 
2021).

As is the case of Ct values/viral load, current evidence regard-
ing the detection rates between saliva and NPS samples is debat-
able. Moreno- Contreras and colleagues concluded saliva samples to 
be more reliable than NPS samples, with detection rates of 86.2% 
versus 65%, respectively (Moreno- Contreras et al., 2020). Similarly, 
Iwasaki and colleagues observed a detection rate of 95.5% in saliva 
samples, 87.5% for sputum, and 53% for NPS (Iwasaki et al., 2020). 
Similar conclusions were made by several authors with variable sam-
ple sizes (Ota et al., 2021; Rao et al., 2020; Rao et al., 2021; Teo 
et al., 2021; Wong et al., 2020; Wyllie et al., 2020; Yokota et al., 
2021). No significant difference between the sensitivity or Ct values 
of saliva and NPS samples was observed on various instances as well 
(Sun et al., 2021). On the contrary, NPS was found to be 17% more 
sensitive than saliva by Jamal and colleagues (Jamal et al., 2020) 
while neither a single NPS nor single saliva sample was 100% sen-
sitive for COVID- 19 detection in another study (Kim et al., 2020). 
The median Ct values observed by Barra and colleagues were 21.01 

F I G U R E  1  Flow diagram of study 
selection in accordance with PRISMA 
(Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses) guidelines
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(14.53– 27.59) for NPS and 29.51 (24.50– 40) for saliva, suggesting 
a lower diagnostic capability of SARS- CoV- 2 in saliva (Barra et al., 
2021). Higher viral load in the NPS samples was evident in multiple 
cohorts (Tapia et al., 2021; Van Vinh Chau et al., 2020). Furthermore, 
alternatives such as mouth rinses and gargles were also observed to 
give a better diagnosis of the infection over saliva samples (Goldfarb 
et al., 2021).

3.2  |  POC COVID- 19 testing with saliva

A select number of studies have investigated the potential of saliva 
to be used as a sample for POC COVID- 19 testing (Table 2). With RT- 
PCR being the current standard test for detection of SARS- CoV- 2, 
one area of interest for the implementation of POC testing using 
saliva has been automated RT- PCR- based assays. One such assay, 
the Xpert Xpress SARS- CoV- 2 (Cepheid), is a molecular test that 
offers a sample- to- answer time of approximately 45 min and was 
granted Emergency Use Authorization from the FDA. The assay 
targets the N2 gene and E gene of SARS- CoV- 2, yielding a posi-
tive result if both targets or if the N2 gene alone are detected and 
a presumptive positive result if the E gene alone is detected. With 
nasopharyngeal specimens currently being the only validated speci-
mens for the Xpert Xpress SARS- CoV- 2 assay, 3/146 of the included 
studies in this scoping review attempted to validate the use of the 
Xpert Xpress SARS- CoV- 2 assay using saliva as a biological speci-
men. A diagnostic accuracy study involving 58 COVID- 19- positive 
patients compared the sensitivities of NPS specimens and posterior 
oropharyngeal saliva specimens using the Xpert Xpress SARS- CoV- 2 
assay (Chen et al., 2020). The study found no significant difference 
between NPS (94.8%) and saliva (89.7%) detection rates, but a sig-
nificantly earlier median Ct value was observed for NPS (26.8) com-
pared to saliva (29.7). In another study, a sample of 120 deep throat 
saliva specimens tested with the Xpert Xpress SARS- CoV- 2 assay 
showed high PPA (98.86%) and NPA (100%) with the standard- of- 
care nucleic acid amplification test (Wong et al., 2020). A study by 
Vaz and colleagues found similar high concordance between the 
Xpert Xpress SARS- CoV- 2 assay results and RT- PCR results (100%), 
in addition to the Xpert Xpress SARS- CoV- 2 assay yielding lower 
median Ct values for its gene targets (29.7 for E gene and 31.6 for 
N2 gene) compared to the RT- PCR median Ct values (34.9 for E gene 
and 38.3 for RdRp gene) (Vaz et al., 2021).

An alternative testing method that has the potential to offer 
rapid, highly sensitive and specific SARS- CoV- 2 detection is the col-
orimetric reverse transcriptional loop- mediated isothermal amplifi-
cation (RT- LAMP) assay. In this scoping review, 9/146 of the included 
studies attempted to validate the performance of RT- LAMP- based 
tests to detect SARS- CoV- 2 RNA in clinical saliva samples. 8 of 
these studies reported high- sensitivity values of their respective 
RT- LAMP tests ranging from 74.8% to 100% and specificity values 
ranging from 70.9% to 100% (Chow et al., 2020; Ganguli et al., 2021; 
Kobayashi et al., 2021; Nagura- Ikeda et al., 2020; Ptasinska et al., 
2021; Xun et al., 2021; Yamazaki et al., 2021; Yang et al., 2021). Re

fe
re

nc
es

N
um

be
r o

f p
at

ie
nt

s
Sa

m
pl

e 
&

 s
al

iv
a 

co
lle

ct
io

n 
m

et
ho

d
Ta

rg
et

Re
su

lts

Ra
o 

et
 a

l. 
(2

02
1)

56
2 

as
ym

pt
om

at
ic

 p
ar

tic
ip

an
ts

N
PS

+
O

PS
, s

al
iv

a
N

, O
RF

1 
ge

ne
96

.1
%

 a
gr

ee
m

en
t o

f s
al

iv
a 

w
ith

 N
PS

 (6
5 

of
 5

62
, κ

 
co

ef
fic

ie
nt

 0
.7

8,
 9

5%
 C

I 0
.6

9–
 0.

87
, p

 <
 0

.0
5)

. C
t 

va
lu

es
 o

f N
 a

nd
 O

RF
1a

 g
en

es
 w

er
e 

30
.6

 ±
 7

.0
6 

an
d 

30
.0

 ±
 6

.8
6,

 re
sp

ec
tiv

el
y,

 in
 N

PS
 +

 O
PS

, 
an

d 
29

.2
 ±

 7
.8

7 
an

d 
28

.5
 ±

 7
.7

0,
 re

sp
ec

tiv
el

y,
 in

 
ra

nd
om

 s
al

iv
a

D
og

an
 e

t a
l. 

(2
02

1)
20

0
N

PS
, O

PS
 a

nd
 s

al
iv

a
O

RF
1a

b
H

ig
he

r p
os

iti
vi

ty
 fo

r N
PS

 a
nd

 O
PS

 s
am

pl
es

 a
t 8

3%
, 

fo
r s

al
iv

a 
it 

w
as

 6
3%

 (p
 <

 0
.0

01
).

A
bb

re
vi

at
io

ns
: A

N
S,

 a
nt

er
io

r n
as

al
 s

w
ab

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; D

BS
, d

rie
d 

bl
oo

d 
sw

ab
; D

TS
, d

ee
p 

th
ro

at
 s

al
iv

a;
 H

C
W

, h
ea

lth
ca

re
 w

or
ke

r; 
IQ

R,
 In

te
rq

ua
rt

ile
 ra

ng
e;

 M
TS

, m
id

- t
ur

bi
na

te
 s

w
ab

; N
O

P,
 n

as
al

- 
or

op
ha

ry
ng

ea
l; 

N
PA

, n
eg

at
iv

e 
pe

rc
en

t a
gr

ee
m

en
t; 

N
PS

, n
as

op
ha

ry
ng

ea
l s

w
ab

; N
S,

 n
as

al
 s

w
ab

; N
TS

, N
as

al
 th

ro
at

 s
w

ab
; O

A
, o

ve
ra

ll 
ag

re
em

en
t; 

O
PS

, o
ro

ph
ar

yn
ge

al
 s

w
ab

; P
PA

, p
os

iti
ve

 p
er

ce
nt

 a
gr

ee
m

en
t; 

PO
PS

, p
os

te
rio

r o
ro

ph
ar

yn
ge

al
 s

al
iv

a;
 R

dR
p,

 R
N

A-
 de

pe
nd

en
t R

N
A

 p
ol

ym
er

as
e.

TA
B

LE
 1

 
(C

on
tin

ue
d)



    |  15WANG et Al.

TA
B

LE
 2

 
Br

ie
f d

es
cr

ip
tio

n 
of

 in
cl

ud
ed

 s
tu

di
es

 w
ith

 s
al

iv
a 

as
 a

 d
ia

gn
os

tic
 s

pe
ci

m
en

 fo
r P

O
C

/r
ap

id
 a

nt
ig

en
 te

st
in

g 
(n

 =
 2

5)

Re
fe

re
nc

e
N

um
be

r o
f 

pa
tie

nt
s

Sa
m

pl
e-

 to
- r

ea
do

ut
 ti

m
e

Ty
pe

 o
f t

es
t

Ta
rg

et
Re

su
lts

A
m

en
do

la
 e

t a
l. 

(2
02

1)
12

7
35

 m
in

Ra
pi

d 
an

tig
en

: C
LE

IA
 

(L
um

ip
ul

se
)

N
uc

le
oc

ap
si

d 
pr

ot
ei

n
52

.4
%

 s
en

si
tiv

ity
, 9

4.
1%

 s
pe

ci
fic

ity
 (s

en
si

tiv
ity

 >
90

%
 

w
he

n 
Ct

 <
 2

5,
 s

pe
ci

fic
ity

 1
00

%
 a

ft
er

 e
xc

lu
di

ng
 

re
co

ve
re

d 
CO

V
ID

- 1
9 

pa
tie

nt
s)

A
ud

ig
é 

et
 a

l. 
(2

02
1)

30
7

18
 m

in
Ra

pi
d 

an
tig

en
: E

C
LI

A
 

(E
le

cs
ys

)
N

uc
le

oc
ap

si
d 

pr
ot

ei
n

40
.2

%
 P

PA
 a

nd
 9

9.
5%

 N
PA

 w
ith

 N
PS

 R
T-

 PC
R;

 1
00

%
 

PP
A

 fo
r C

t <
 2

6 
sa

m
pl

es

A
zm

i e
t a

l. 
(2

02
1)

40
1 

h
C

RI
SP

R-
 ba

se
d 

(C
A

SS
PI

T)
S 

ge
ne

 a
nd

 N
 g

en
e

98
%

 P
PA

 w
ith

 R
T-

 PC
R 

da
ta

 fo
r C

t <
 3

5 
sa

m
pl

es

Ba
ss

o 
et

 a
l. 

(2
02

1)
12

7
30

 m
in

Ra
pi

d 
an

tig
en

: C
LE

IA
 

(L
um

ip
ul

se
) &

 IC
A

 
(P

an
bi

o 
&

 E
sp

lin
e)

N
uc

le
oc

ap
si

d 
pr

ot
ei

n
C

LE
IA

: 7
2%

 s
en

si
tiv

ity
, 9

7%
 s

pe
ci

fic
ity

; I
C

A
: 1

3%
 

se
ns

iti
vi

ty
 (o

nl
y 

sa
tis

fa
ct

or
y 

fo
r C

t <
 2

5 
sa

m
pl

es
)

C
he

n 
et

 a
l. 

(2
02

0)
58

50
 m

in
RT

- q
PC

R 
(X

pe
rt

 X
pr

es
s)

E 
ge

ne
 a

nd
 N

2 
ge

ne
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 d
et

ec
tio

n 
ra

te
s 

be
tw

ee
n 

N
PS

 (9
4.

8%
) a

nd
 P

O
PS

 (8
9.

7%
)

C
ou

rt
el

le
m

on
t e

t a
l. 

(2
02

1)
14

15
 m

in
Ra

pi
d 

an
tig

en
: I

C
A

 
(C

O
V

ID
- V

IR
O

)
N

uc
le

oc
ap

si
d 

pr
ot

ei
n

0%
 s

en
si

tiv
ity

C
ho

w
 e

t a
l. 

(2
02

0)
67

1 
h

RT
- L

A
M

P
O

RF
3a

 g
en

e 
an

d 
E 

ge
ne

D
TS

/s
pu

tu
m

 s
am

pl
es

 s
ho

w
ed

 s
en

si
tiv

iti
es

 o
f 9

4.
03

%
 

at
 6

0 
m

in
 a

nd
 9

7.
02

%
 a

t 9
0 

m
in

, a
nd

 s
pe

ci
fic

ity
 

of
 1

00
%

de
 P

ui
g 

et
 a

l. 
(2

02
1)

48
1 

h
C

RI
SP

R-
 ba

se
d 

(m
iS

H
ER

LO
C

K
)

N
 g

en
e

96
%

 s
en

si
tiv

ity
 a

nd
 9

5%
 s

pe
ci

fic
ity

 a
t t

hr
es

ho
ld

 o
f 

20
00

 R
FU

s

G
an

gu
li 

et
 a

l. 
(2

02
1)

34
1 

h
RT

- L
A

M
P

N
ot

 s
pe

ci
fie

d
10

0%
 s

en
si

tiv
ity

 w
ith

 tw
o-

 st
ep

 m
et

ho
d,

 3
 fa

ls
e 

po
si

tiv
es

Is
hi

i e
t a

l. 
(2

02
1)

22
9

30
 m

in
Ra

pi
d 

an
tig

en
: I

C
A

 (E
sp

lin
e)

 
&

 C
LE

IA
 (L

um
ip

ul
se

)
N

uc
le

oc
ap

si
d 

pr
ot

ei
n

IC
A

: 3
3%

 s
en

si
tiv

ity
, 1

00
%

 s
pe

ci
fic

ity
; C

LE
IA

: 8
9%

 
se

ns
iti

vi
ty

, 9
6.

9%
 s

pe
ci

fic
ity

Ko
ba

ya
sh

i e
t a

l. 
(2

02
1)

91
1 

h
RT

- L
A

M
P

E1
 g

en
e 

an
d 

A
s1

e 
ge

ne
77

.2
%

 o
ve

ra
ll 

se
ns

iti
vi

ty
, 9

7%
 s

pe
ci

fic
ity

N
ag

ur
a-

 Ik
ed

a 
et

 a
l. 

(2
02

0)
10

3
30

 m
in

 (I
C

A
)

35
 m

in
 (R

T-
 LA

M
P)

Ra
pi

d 
an

tig
en

: I
C

A
 

(E
sp

lin
e)

; R
T-

 LA
M

P 
(L

oo
pa

m
p)

N
uc

le
oc

ap
si

d 
pr

ot
ei

n;
 

N
1 

ge
ne

, N
2 

ge
ne

, 
O

RF
1 

ge
ne

, a
nd

 E
 g

en
e

Ra
pi

d 
an

tig
en

 te
st

 s
ho

w
ed

 s
ig

ni
fic

an
tly

 lo
w

er
 

se
ns

iti
vi

ty
 (1

1.
7%

) c
om

pa
re

d 
to

 R
T-

 LA
M

P 
an

d 
RT

- 
qP

C
R 

te
st

s 
fo

r s
al

iv
a

Pt
as

in
sk

a 
et

 a
l. 

(2
02

1)
19

,4
61

30
 m

in
RT

- L
A

M
P 

(L
am

PO
RE

)
N

2 
ge

ne
, E

 g
en

e,
 O

RF
1a

b 
ge

ne
99

.5
8%

 s
en

si
tiv

ity
, 9

9.
46

%
 s

pe
ci

fic
ity

Sa
ee

d 
et

 a
l. 

(2
02

1)
10

0
15

 m
in

Ra
pi

d 
an

tig
en

: I
C

A
 (L

ep
u 

M
ed

ic
al

)
N

uc
le

oc
ap

si
d 

pr
ot

ei
n

O
ve

ra
ll 

se
ns

iti
vi

ty
: 2

1%
; (

m
al

es
 2

1%
, f

em
al

es
 2

3%
, 

ch
ild

re
n 

0%
)

St
ok

es
 e

t a
l. 

(2
02

1)
41

20
 m

in
Ra

pi
d 

an
tig

en
: I

C
A

 (P
an

bi
o)

N
uc

le
oc

ap
si

d 
pr

ot
ei

n
2.

6%
 s

en
si

tiv
ity

; s
al

iv
a 

co
lle

ct
io

n 
te

rm
in

at
ed

 e
ar

ly
 

du
e 

to
 lo

w
 s

en
si

tiv
ity

To
pp

in
gs

 e
t a

l. 
(2

02
1)

12
3

50
 m

in
RT

- L
A

M
P

N
ot

 s
pe

ci
fie

d
10

0%
 P

PA
 a

nd
 9

6.
7%

 N
PA

 w
ith

 N
PS

 R
T-

 PC
R;

 9
3.

3%
 

PP
A

 a
nd

 1
00

%
 N

PA
 w

ith
 s

al
iv

a 
RT

- P
C

R

U
w

am
in

o 
et

 a
l. 

(2
02

1)
73

30
 m

in
Ra

pi
d 

an
tig

en
: I

C
A

 (E
sp

lin
e)

N
uc

le
oc

ap
si

d 
pr

ot
ei

n
Lo

w
 s

en
si

tiv
ity

 a
nd

 lo
w

 c
on

co
rd

an
ce

 w
ith

 N
PS

, b
ut

 
hi

gh
 c

on
co

rd
an

ce
 w

ith
 v

ira
l c

ul
tu

re
s 

(9
5.

1%
)

(C
on

tin
ue

s)



16  |    WANG et Al.

Another study compared the results of RT- LAMP with RT- PCR using 
30 positive and 30 negative clinical saliva samples and found a 100% 
PPA and a 96.7% NPA between the two different tests (Toppings 
et al., 2021).

In addition to the studies on RT- PCR and RT- LAMP- based tests, 
two studies reported on novel SARS- CoV- 2 POC detection assays 
based on CRISPR (clustered regularly interspaced short palindromic 
repeats)/Cas technology. de Puig et al. (2021) developed and evalu-
ated a novel POC diagnostic test, miSHERLOCK (minimally instru-
mented specific high- sensitivity enzymatic reporter unlocking), 
that utilized CRISPR/Cas technology to target a highly conserved 
region of the SARS- CoV- 2 N gene. With a 1- h sample- to- readout 
time, the miSHERLOCK diagnostic reported a 95% sensitivity and 
96% specificity using a sample size of 27 positive and 21 negative 
unprocessed saliva samples. A study by Azmi and colleagues com-
bined CRISPR- Cas13a- based RNA detection and lateral flow assay 
readouts, CASSPIT (Cas13 Assisted Saliva- based and Smartphone 
Integrated Testing) for unprocessed saliva- based detection of SARS- 
CoV- 2 (Azmi et al., 2021). Using 40 saliva samples from COVID- 19- 
positive patients, the authors reported a 98% PPA with RT- PCR data 
for samples with Ct values under 35.

3.3  |  Rapid antigen COVID- 19 testing with saliva

The use of COVID- 19 rapid antigen tests has especially amassed an 
increasing demand throughout the course of the pandemic, and as 
a result, several studies have investigated the use of saliva as a test-
ing specimen for commercial SARS- CoV- 2 antigen detection assays. 
12/146 of the included studies in this scoping review evaluated the 
performance of saliva samples in commercial SARS- CoV- 2 rapid 
antigen tests. Immunochromatographic assays, such as the Espline 
SARS- CoV- 2 rapid antigen test (Fujirebio), were one of the more 
commonly tested SARS- CoV- 2 POC tests in these studies using 
saliva as a biological specimen. 3/5 studies that tested the Espline 
SARS- CoV- 2 assay reported low sensitivity values ranging from 
11.7% to 33.0% (Ishii et al., 2021; Nagura- Ikeda et al., 2020; Yokota 
et al., 2021). However, another study reported a concordance rate 
of 95.1% with viral culture results. (Uwamino et al., 2021). A differ-
ent study found similar results, reporting that satisfactory sensitiv-
ity values for the Espline SARS- CoV- 2 assay were achieved only for 
high viral load samples with Ct values below 25 for NPS RT- qPCR 
results (Basso et al., 2021). Another three studies evaluated the 
clinical performance of three other immunochromatography- based 
POC COVID- 19 tests, the COVID- VIRO assay (AAZ), the Panbio 
assay (Abbott), and the Lepu SARS- CoV- 2 test kit (Lepu Medical 
Technology). A study by Courtellemont and colleagues that evalu-
ated the diagnostic performance of the COVID- VIRO assay for NPS 
samples collected a subset of 14 COVID- 19- positive saliva samples 
that reported a dismal 0% sensitivity using the assay (Courtellemont 
et al., 2021). Meanwhile, a study by Stokes and colleagues reported 
a 2.6% sensitivity of the Panbio assay before saliva sample collection 
was terminated due to poor detection rates compared to NPS (Stokes Re
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et al., 2021). Finally, a study by Saeed and colleagues reported an 
overall sensitivity of 21% when using the Lepu SARS- CoV- 2 test kit 
on a saliva sample size of 100 COVID- 19- positive patients, including 
men, women, and children (Saeed et al., 2021).

Chemiluminescent enzyme immunoassays, such as the Lumipulse 
SARS- CoV- 2 antigen kit (Fujirebio), are another subset of rapid anti-
gen tests for COVID- 19 that have been tested using saliva samples in 
several studies. Of the 6 studies included in this scoping review that 
assessed the diagnostic performance of the Lumipulse SARS- CoV- 2 
antigen kit, 4 studies reported high- sensitivity values ranging from 
72.0% to 99.2% while one study reported a low sensitivity value of 
52.4% (Amendola et al., 2021; Basso et al., 2021; Ishii et al., 2021; 
Yokota et al., 2021, 2021). With respect to specificity values, the 
studies that measured specificity using COVID- 19- negative saliva 
samples reported values of 94.1%, 96.9%, and 98.6% (Amendola 
et al., 2021; Basso et al., 2021; Ishii et al., 2021). Furthermore, one 
study compared the diagnostic performance of the Lumipulse SARS- 
CoV- 2 antigen kit to RT- qPCR with a saliva sample size of 2056 and 
found a 98.2% concordance rate between the two diagnostic tests 
(Yokota et al., 2021). The Elecsys SARS- CoV- 2 Antigen assay (Roche), 
a electrochemiluminescence immunoassay, was also evaluated using 
saliva specimens in a study that found 100% PPA with RT- PCR of 
NPS samples having Ct values of less than 26 only, while the overall 
PPA was reported to be 40.2% (Audigé et al., 2021).

3.4  |  SARS- CoV- 2 antibody testing with saliva

Some studies included in this scoping review have explored tech-
niques using saliva for anti- SARS- CoV- 2 antibody screening (Table 3). 
Our findings confirmed that, combined with direct SARS- CoV- 2 de-
tection methods used for identifying currently infected COVID- 19 
patients, anti- SARS- CoV- 2 antibody detection using saliva could 
provide a rapid and non- invasive alternative method for differen-
tiating between non- infected, previously infected, and presently 
infected patients. To readily identify antibody responses in serum 
and saliva of SARS- CoV- 2 patients, standard ELISA (enzyme- linked 
immunosorbent assay) methods have been modified to be more sen-
sitive to the high- quality S protein and used as a tool for short- term 
and long- term humoral immunity (Faustini et al., 2021). MacMullan 
and colleagues concluded that following their optimized protocol in 
saliva samples, antibodies against SARS- CoV- 2 were detectable with 
a sensitivity of at least 84.2% and a specificity of 100% in sympto-
matic patients (MacMullan et al., 2020). In another study, MacMullan 
and a group of colleagues found that the OraSure test (OraSure), an 
oral antibody detection technology and its paired ELISA, have com-
parable sensitivity and specificity with the serum- based ELISAs and 
offers potential for self- collection (MacMullan et al., 2021).

Caulley and colleagues evaluated patients that tested positive 
on saliva/swab PCR tests and compared their presence of serum 
SARS- CoV- 2- specific antibodies. They found that the PCR- based 
tests have limitations as participants demonstrated seropositivity 
5 months post- infection (Caulley et al., 2021). Thus, some studies Re
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argue that a combination of RNA detection with antibody test-
ing may be required for optimal detection (Ter- Ovanesyan et al., 
2021). In one study, Ter- Ovanesyan and colleagues entertained the 
idea of using the same saliva sample to develop an efficient saliva 
RNA extraction and an antibody test. In doing so, they used single- 
molecule array (SIMOA) technology and concluded that the RNA 
and antibody- paired detection identifies the virus at a higher sensi-
tivity than each method alone (Ter- Ovanesyan et al., 2021).

In this regard, Faustini and colleagues attest that without 
such a sensitive method, detection of responses in asymptomatic 
patients may be suboptimal and less reliable than the PCR tests 
(Faustini et al., 2021). They suggest that a native- like, trimeric S an-
tigen is preferred to the N antigen for detection of antibodies and 
that, if the detection of one Ig is run in parallel with others, their 
combined detection enhances antibody recognition (Faustini et al., 
2021). The persistence of serum and saliva antibody responses to 
SARS- CoV- 2 spike antigens in patients was confirmed by Isho and 
colleagues as they indicated that those antibodies, especially IgG, 
may be maintained in patients for months post- symptom onset 
(Isho et al., 2020). Based on their findings, they suggested that IgG 
responses in saliva are a good representative measure for systemic 
immunity to SARS- CoV- 2 due to the correlation with the serum 
IgG responses. As a complementary population- based approach, 
surveys on mucosal immunity revealed that salivary IgG against 
SARS- CoV- 2 persists even at 9 months after mild COVID- 19 in-
fections (Alkharaan et al., 2021). Moreover, salivary IgA appeared 
to be short- lived, while specific salivary IgG was stable after 
mild COVID- 19 and therefore presents an opportunity for non- 
invasive, self- collective saliva testing (Alkharaan et al., 2021). Liu 
and colleagues quantified the antibody avidities and its accurate 
detection of SARS- CoV- 2 antibodies in serum and saliva using a 
high- performance semi- quantitative assay (Liu et al., 2020). They 
specifically detected IgG, IgM, and IgA avidity against the S1 sub-
unit of the spike protein and the RBD (receptor- binding domain) of 
the virus. Another study verified standardized saliva collection as 
a suitable approach for detecting and monitoring SARS- CoV- 2 in-
fection by measuring anti- SARS- CoV- 2 IgA to replace NPS testing 
(Aita et al., 2020).

Furthermore, SARS- CoV- 2 protease molecules have recently 
proven significant to COVID- 19 research. A study done by Martinez- 
Fleta and colleagues explored salivary cysteine- like protease anti-
bodies as a detectable agent in COVID- 19- seropositive patients 
(Martinez- Fleta et al., 2020). One of these agents is Mpro (main pro-
tease), which undertakes a critical role in viral replication, releases 
mature proteins for the virus, and can be detected using ELISA. The 
authors concluded that COVID- 19 patients show higher titers IgG, 
IgM, and IgA antibody responses to the cysteine- like protease mol-
ecule from SARS- CoV- 2, Mpro, and that such response can be quan-
tified noninvasively and rapidly from saliva as a seropositivity test 
(Martinez- Fleta et al., 2020).

4  |  DISCUSSION

RT- qPCR is widely known today as a laboratory technique during 
which an RNA sequence is reverse transcribed to make complimen-
tary DNA, which is further amplified by polymerase chain reaction. 
For SARS- CoV- 2, as described earlier, RT- PCR is considered the 
standard for diagnosis as several specific mRNAs can be targeted for 
its detection, such as the mRNAs of ORF1b and the N and E struc-
tural proteins (Figure 2). Thus, various recommendations have been 
made for diagnostic testing of COVID- 19 by different organizations 
(Corman et al., 2020; Okamaoto et al., 2020). From the selected 
articles, there is a clear ambiguity in the method of sample collec-
tion and the target for SARS- CoV- 2 detection using saliva. Some re-
searchers used drooling saliva to collect the samples as it eliminated 
the mucous secretions from the oropharynx and lower respiratory 
tract (Azzi et al., 2020a, 2020b). Others collected patient saliva by 
clearing of throat as soon as possible after waking up, before break-
fast and brushing to include both bronchopulmonary secretions and 
nasopharyngeal secretions (Leung et al., 2020; Wong et al., 2020). 
Furthermore, the time point of sample collection, the severity, and 
stage of disease have also been variable across the studies (Hung 
et al., 2020). There is uncertainty in the evidence for assessing the 
potential of saliva as a diagnostic tool, attributing to the variabilities 
in methodologies. In conclusion, it can be said that saliva is a reliable 

F I G U R E  2  Image of SARS- 
CoV- 2 showing its structural and genetic 
composition. Real- time PCR COVID- 19 
tests utilize the gene expression signal 
by detecting the mRNA for various 
structural proteins including spike (S), 
envelope (E), or nucleocapsid (N), and 
non- structural proteins such as ORF1ab. 
The magnified view shows the RNA 
expression sequence of the SARS- CoV- 2 
coronavirus with localization of various 
mRNA targets. Image derived from Kubina 
and Dziedzic (2020)
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tool for COVID- 19 detection but both NPS and saliva specimens 
should be taken for screening and diagnosis, while gargle and mouth 
rinse can be another alternative.

POC testing has been defined in the literature as diagnostic 
tests that are conducted “outside the laboratory at or near the site 
of patient care, including the patient's bedside, the doctor's office, 
and the patient's home” (Khurshid, 2018). As the current method of 
testing that is most well- documented and accepted by medical staff 
and the scientific community, RT- PCR testing continues to be the 
most well- established methodology for COVID- 19 diagnostics and 
offers the highest reliability among POC testing options. However, 
the high equipment cost, training required for interpretation of re-
sults, and longer turnaround time continue to limit its use mostly to 
mass- testing facilities with access to trained laboratory personnel 
and equipment (Carter et al., 2020). Current RT- PCR- based POC 
COVID- 19 tests require specialized equipment for analyzing results 
that may only be attainable in healthcare and laboratory settings. 
In comparison, RT- LAMP- based tests offer results that may be 
easily interpreted by non- laboratory trained staff and faster turn-
around time relative to RT- PCR- based tests but lack the research 
background and large- scale clinical validation needed to scale- up 
its usage (Dao Thi et al., 2020). The low cost and high reliability of 
currently available RT- LAMP POC test kits may potentially allow em-
ployment of this testing method in hospital, clinical, and pre- travel 
settings. However, challenges behind building, distributing, and ad-
ministering RT- LAMP- based tests may not favor their use in com-
mon workplace or social settings compared to rapid antigen tests.

Rapid antigen tests are another method through which one tar-
gets a specific macromolecule of the virus, such as the highly con-
served spike protein (Jacobs et al., 2020). The sampling method is 
similar to PCR- based methods in that detection depends on the viral 
load but is advantageous in that it requires no specific equipment 
nor highly trained personnel. In this method, just like any other 
chromatographic method, a mobile phase (buffer mixed with the 
biological specimen) migrates through a stationary phase (e.g., ni-
trocellulose) tagged with antibodies against the viral antigens. If the 
viral antigens are present, they attach the antibodies and their accu-
mulation can be detected by a visible chemical reaction which ap-
pears on the nitrocellulose membrane. The current CDC (Centers for 
Disease Control and Prevention) guidelines state that rapid antigen 
tests are commonly employed in congregate settings such as dormi-
tories, nursing homes, correctional facilities, and homeless shelters 
to screen for COVID- 19 infections. Due to the low turnaround time 
ranging from 15 to 30 min and low cost per test, rapid antigen tests 
offer the main benefit of rapidly identifying infected individuals in 
the community and workplace setting to prevent transmission and 
assist infection control measures. However, the overall lower sensi-
tivity of rapid antigen tests suggests that asymptomatic individuals 
who test negative may require confirmatory laboratory testing using 
nucleic acid amplification tests (Corman et al., 2021).

From this scoping review, it is evident that the current literature 
supports the use of saliva as an alternative specimen when compared 
to NPS for SARS- CoV- 2 detection. Utilizing an optimized, saliva- based, 

rapid or POC kit may help overcome many current pandemic chal-
lenges while dealing with the newly emerging SARS- CoV- 2 variants.
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