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Objectives: There remain challenges in using SARS-CoV-2 RNA diagnostic assays in the respiratory tract 

in a pandemic. More so certain countries such as Hong Kong have already included saliva as part of their 

mass-testing protocol. The aim of this study was to conduct a systematic review on the alternate use of 

saliva as a SARS-CoV-2 RNA testing specimen in the context of mass screening with reverse transcription 

polymerase chain reaction. 

Methods: Our search methodology was modeled after the Preferred Reporting Items for Systematic Re- 

views and Meta-Analysis (PRISMA) checklist, and the risk of bias of the selected studies was qualitatively 

assessed. The percentage individual positive and percentage agreement of both index (saliva) and ref- 

erence (nasopharyngeal swab), in preference to specificity and sensitivity, were estimated using Kappa 

statistics. 

Results: A total of 44 studies met the inclusion criteria. The average percentage positive saliva cases 

was 72.7% (95% confidence interval), which was lower but not substantially different from the percentage 

positive NPS of 78.7% (95% confidence interval), and there was an average overall agreement of 89.7% 

(95% confidence interval). 

Conclusion: Although the literature supports nasopharyngeal swab as a superior testing specimen, an al- 

ternative clinical specimen in saliva may offer potential benefits such that a potentially reduced accuracy 

may be tolerated, especially in low socioeconomic regions. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Coronavirus (CoV) is a nonsegmented, enveloped, positive-sense 

NA virus belonging to the Coronaviridae family and is gener- 

lly found in humans and other mammals ( Rothan et al., 2020 ). 

oronavirus can be detected in the respiratory system and previ- 

us outbreaks of coronaviruses, such as the Middle East respira- 

ory syndrome (MERS-CoV) and severe acute respiratory syndrome 

SARS-CoV), have been characterized as agents of great threat to 

ublic health ( Rothan et al., 2020 ; Guo et al., 2020 ). In Decem-

er 2019, a group of pneumonia cases occurring in Wuhan, China 

as confirmed to be caused by a newly identified β-coronavirus, 

nd in January 2020; it was named the SARS-CoV-2 virus by the 

nternational Committee on Taxonomy of Viruses and the disease 

as named COVID-19 ( Guo et al., 2020 ). Thus far, over 204 mil-
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ion confirmed cases of COVID-19 with > 4.3 million deaths across 

ver 210 countries have been reported worldwide as of August 

1, 2021 ( https://covid19.who.int/table ). The disease has since been 

alled a pandemic, with several confinement measures and com- 

rehensive vaccination programs put in place in many different 

ountries to curb its further spread. The COVID-19 infection typ- 

cally appears after an incubation period of approximately 5.2 days 

nd the symptoms range from completely asymptomatic to symp- 

omatic ( Wang et al., 2020 ). The period from the onset of COVID-

9 symptoms to death is generally dependent on patient’s age and 

mmune status and this ranges from 6–41 days, with a median of 

4 days ( Huang et al., 2020 ). The most frequently seen symptoms 

re cough, fever, and fatigue, whereas other symptoms such as 

eadache, diarrhea, sputum production, hemoptysis, and dyspnea 

ay also occur ( Wang et al., 2020 ; Carlos et al., 2020 ; Huang et al.,

020 ; Ren et al., 2020 ). Screening by RT-qPCR for targets of SARS- 

oV-2 genome from respiratory (nasopharyngeal) specimen re- 

ains the gold standard for detection, and in a pandemic-testing 

ontext, it is the first crucial step toward surveillance and effective 

ontrol ( Pan et al., 2020 ). Although there is need to increase the 
iety for Infectious Diseases. This is an open access article under the CC BY license 

https://doi.org/10.1016/j.ijid.2022.05.008
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2022.05.008&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:eyituoyo.okoturo@lasucom.edu.ng
https://covid19.who.int/table
https://doi.org/10.1016/j.ijid.2022.05.008
http://creativecommons.org/licenses/by/4.0/


E. Okoturo and M. Amure International Journal of Infectious Diseases 121 (2022) 166–171 

c

l

c

s

t

d

s

f

r

(

r

p

t

t

s  

n

i

n

F

D

n

s

d

s

T

t

e

C  

2

u

b

a

M

f

(

t

R

u

M

E

i

d

l

t

i

t

t

w

s

p

R

r

o

i

i

u

s

s

a

w

s

t

u

a

i

t

(  

t

P

p

R

C

l

2

p

v  

G  

L

2  

M  

O  

2  

2  

2  

B

e  

2  

C  

S  

2

w

a  

s

p

t

F

a

o

B  

H  

M

b

i

(

s

S

g

t  

2  

H

4

l

d

a

apacity for diagnostic testing, there remains diagnostic assay chal- 

enges with detecting SARS-CoV-2 RNA from different specimens. A 

linical study on RT-PCR detection rates of SARS-CoV-2 RNA from 

everal specimens comprising nasopharyngeal, oropharyngeal, spu- 

um, feces, urine, ocular fluid, and blood highlighted the discor- 

ance in detection of viral material because sputum and fecal 

amples returned the most positive tests ( HIQA, 2020 ); this in- 

ormed the current guidance of collection of a combined nasopha- 

yngeal and oropharyngeal swabs for routine SARS-CoV-2 testing 

 Wong et al., 2020 ). Additional challenges associated with nasopha- 

yngeal swabbing include its relative invasiveness and discomfort, 

articularly among children, patients with reduced cognitive func- 

ion, and those undergoing serial testing for surveillance. In addi- 

ion, it requires a degree of clinical skill, close contact, and sub- 

tantial PPE due to risk of transmission ( Cheng et al., 2020 ). Alter-

atively, the use of saliva has less adverse risk because it is less 

nvasive and requires no transport media, no PPE, and a reduced 

umber of healthcare personnel because it can be self-collected. 

urthermore, its diagnostic assay can be a simple QE (QuickExtract 

NA) buffer-based preparation compared with the column-based 

ucleic acid purification that is currently used for nasopharyngeal 

wab specimen. In the context of mass testing, such as in a pan- 

emic, certain countries such as Hong Kong have already included 

aliva as part of their mass-testing protocol ( Wong et al., 2020 ). 

he pathophysiology behind the use of saliva for testing lies in 

he high salivary gland expression of host angiotensin-converting 

nzyme, which regulates the host receptor-cellular entry of SARS- 

oV-2, compared with the lungs ( Hoffmann et al., 2020 ; Xu et al.,

020 ). 

The aim of this study was to contribute and clarify the alternate 

se of saliva as a testing specimen for mass SARS-CoV-2 screening 

y systematically appraising the detection accuracy of nucleic acid 

ssay between saliva and nasopharyngeal samples. 

ethods 

Our search methods was modeled from the checklist of the Pre- 

erred Reporting Items for Systematic Reviews and Meta-Analysis 

PRISMA) guidelines ( Page et al., 2021 ). A Cochrane style MeSH 

erms and keywords comprising COVID-19, SARS-CoV-2, real-time 

T-PCR, RNA, Saliva (SA), and nasopharyngeal swabs (NPS) were 

sed for the initial search with the search tools: Pubmed, Ovid 

edline, and Web of science from January 1, 2020–August 1, 2021. 

nglish publications of COVID-19 testing assays with paired spec- 

mens, i.e., saliva with NPS as the comparator, were selected. Ad- 

itional publications were retrieved from the reference list of se- 

ected articles from the initial search, and the full text of these re- 

rieved publications were reviewed to identify those suitable for 

nclusion. Studies considered were: 

• Cross-sectional, case-controlled studies, and controlled clinical 

trials; 

• SARS-CoV-2 saliva and NPS RNA RT-PCR-based studies were 

also included. 

To qualitatively assess the risk of participant selection bias of 

he selected studies, a modified quality assessment of diagnos- 

ic accuracy studies 2 (modified QUADAS-2) ( Whiting et al., 2011 ) 

as used and two factors were appraised: the experimental de- 

ign and assay accuracy for index (SA) and reference (NPS) sam- 

les. As part of appraisal of the experimental design, the respective 

T-PCR kit targets with minimum C t (cycle threshold) for positive 

esults were collated. In addition, a result comparison on the basis 

f SA collection protocol, such as deep throat collection (cough- 

ng) versus spitting/drooling, was also appraised. A box plot for 

ndex and reference positive detection values was also generated 

sing MS excel (Microsoft Excel for Mac version 16.59). SPSS 27 
167 
oftware package (IBM Company, Armonk, NY, USA) was used for 

tatistical analysis. Median of individuals with paired specimens in 

ddition to sample size, sex ratio, and sample collection method 

ere captured for descriptive statistical information. On the ba- 

is of the assumption that no testing specimen type is superior 

o the other, individual positive and negative cases (% of individ- 

al positive and negative for both index and reference specimens) 

nd reports of percentage agreement of index specimen (% of pos- 

tive and negative agreements with confirmed samples), preferred 

o specificity and sensitivity, were estimated using Kappa statistics 

 Table 1 ) ( Obermeier et al., 2016 ). Purely clinical or pathological ar-

icles, conference articles, and abstract-only articles were excluded. 

atient & participant involvement 

No patient involvement was required because this is a review 

aper study. 

esults 

haracteristics of studies included 

The electronic search yielded 1907 entries, of which 1817 pub- 

ications were removed for having no correlation to SARS-CoV- 

 saliva-based test, absence of comparators, and for study du- 

licity, resulting in 90 publications being eligible for full-text re- 

iew. Of these, 44 studies ( Azzi et al., 2020 ; Wong et al., 2020 ;

riesemer et al., 2021 ; Iwasaki et al., 2020 ; Kojima et al., 2020 ;

eung et al., 2021 ; McCormick-Baw et al., 2020 ; Pasomsub et al., 

021 ; Wyllie et al., 2020 ; Williams et al., 2020 ; Barat et al., 2021 ;

cMillen et al., 2021 ; Nacher et al., 2021 ; Migueres et al., 2020 ;

tto et al., 2021 ; Hanson et al., 2020 ; Rao et al., 2021 ; Byrne et al.,

020 ; Skolimowska et al., 2020 ; Dogan et al., 2021 ; Landry et al.,

020 ; SoRelle et al., 2020 ; Jamal et al., 2021 ; Bhattacharya et al.,

021 ; Rutgers, 2020 ; Hitzenbichler et al., 2021 ; Aita et al., 2020 ;

abady et al., 2021 ; Braz-Silva et al., 2020 ; Chen et al., 2020 ; Güçlü

t al., 2020 ; Hasanoglu et al., 2021 ; Kandel et al., 2020 ; Kim et al.,

020 ; Lai et al., 2020 ; Li et al., 2020 ; Lin et al., 2020 ; Moreno-

ontreras et al., 2020 ; Perchetti et al., 2020 ; Procop et al., 2020 ;

enok et al., 2020 ; Sohn et al., 2020 ; Vaz et al., 2020 ; Yokota et al.,

021 ) met the eligibility criteria and were included in the study, 

hereas 46 articles were removed for not using PCR assay and the 

bsence of NPS as a specific a comparator ( Table 2 ). All selected

tudies comprised studies on the basis of clinical surveys among 

atients with confirmed SARS-CoV-2 infection in the United States, 

he United Kingdom, China, Hong Kong, Turkey, India, Italy, Japan, 

rance, Republic of Thailand, Malaysia, Australia, and Canada. 

The studies cumulatively included 8555 samples of paired saliva 

nd NPS, although nine studies used both nasopharyngeal and 

ropharyngeal samples as comparators ( Pasomsub et al., 2021 ; 

yrne et al., 2020 ; Chen et al., 2020 ; Hasanoglu et al., 2021 ;

itzenbichler et al., 2021 ; Kim et al., 2020 ; Lai et al., 2020 ;

oreno-Contreras et al., 2020 ; Vaz et al., 2020 ). The median num- 

er of participants included in the studies was 91.5. All stud- 

es used PCR assay, amplifying five different SARS-CoV-2 targets 

E, N, ORF1, RdRp, and S) and compared NPS and oropharyngeal 

amples with SA samples. A total of 21 studies used 2–3 RT-PCR 

ARS-CoV-2 targets for test detection, 16 studies used one tar- 

et, whereas seven studies did not provide details of the con- 

rol used. ( Hanson et al., 2020 ; Landry et al., 2020 ; Aita et al.,

020 ; Chen et al., 2020 ; Jamal et al., 2021 ; Güçlü et al., 2020 ;

asanoglu et al., 2021 ). A total of 27 studies used C t values 35–

5 as their positive test indicator ( Table 2 ). After removing out- 

iers, the mean percentage positive SA cases (72.7%) (95% confi- 

ence interval [CI] 49%–100%) was lower than the mean percent- 

ge positive NPS cases (78.7%) (95% CI 47%–99%), and there was 
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Table 1 

Formulas for % positive agreement (PPA); % negative agreement (PNA); and Overall Agreement 

(OA). 

Index (SA) + ve Index (SA) -ve 

Reference (NPS) + ve A B PPA ∗ = 100% × A 

( A + B ) 

Reference (NPS) -ve C D PNA ∗ = 100% × D 

( C + D ) 

Kappa OA ∗ = 100% × ( A + D ) 

( A + B + C + D ) 

Key: ∗ = index case, SA = Saliva, NPS = Nasopharyngeal swab 

Table 2 

List of selected publications with data. 

No. Publications 

Sample 

size 

Mean/ 

Median 

ages M: F 

No of test 

targets 

Ct value 

(Mean) 

+ ve percent 

SA agreement 

(%) 

-ve percent 

SA agreement 

(%) 

Overall 

agreement 

(%) 

Risk of 

bias 

1. Azzi et. al. 114 54 1:2 NS < 30(27.2) 90.9 100.0 94.1 U 

2. Wong et al. 229 39 / 36 ∗ 2:1 NS ≤ 40 85.3 65.4 76.0 U 

3. Griesemer et al. 463 NS 1:4 N < 45 82.5 99.4 95.7 H 

4. Iwasaki et al. 76 69 ∗ NS NS (30.6) 88.9 98.5 97.4 M 

5. Kojima et al. 177 42 NS N (34.1) 90.0 NS NS H 

6. Leung et al. 62 42 1:2 NS < 37.9 NS NS 79.8 U 

7. McCormick-Baw et al. 156 48 1.5:1 E & N2 < 41 

(30.4) 

97.9 99.0 98.7 H 

8. Pasomsub et al. 200 36 1:3 ORF1 & N ≤ 38 84.2 98.9 97.5 M 

9. Wyllie et al. 70 NS NS N1 < 24.4 NS NS NS M 

10. Williams et al. 522 NS NS NS < 17 84.6 NS NS U 

11. Barat et al. 918 42 ∗ 1:1.5 N < 40 

( < 31) 

81.1 99.8 98.3 M 

12. McMillen et al. 20 NS NS 2 targets -NS < 40 100.0 NS NS H 

13. Nacher et al. 776 40 1:1.6 N & RdRp < 35 50.0 98.4 88.9 H 

14. Otto et al. 92 NS NS RdRp NS 100.0 91.5 95.7 U 

15. Migueres et al. 606 33 1:1 ORF1 RdRp < 40 79.2 99.2 95.7 H 

16. Hanson et al. 1104 35 1:1 ORF1 ≤ 42 93.8 97.8 96.9 U 

17. Rao et al. 160 27 NS E & RdRp < 38 86.9 0.0 45.6 M 

18. Byrne et al. 110 NS 1:1 NS NS NS NS NS U 

19. Skolimowska et al. 132 39 ∗ 1:1.5 ORF1 < 34 83.3 99.1 96.9 H 

20. Dogan et al. 200 NS NS ORF & N ≤ 29 54.5 88.4 69.4 U 

21. Jamal et al. 91 66 ∗ 2:1 N, RdRp, E < 34 68.8 70.4 69.2 H 

22. Landry et al. 124 NS NS N < 40 84.8 97.8 94.4 H 

23. SoRelle et al. 83 NS NS E & N2 < 40 82.0 100.0 91.6 U 

24. Rutgers Lab. 53 NS NS N, S, ORF1 < 37 100.0 100.0 100 H 

25. Bhattacharya et al. 53 NS NS ORF1 & E (29.1) 90.6 NS NS H 

26. Hitzenbicher et al 34 57 3:1 E NS 81.3 40 71.4 H 

27. Aita et al. 43 62 2:1 E NS 100 97.2 97.7 H 

28. Babady et al. 87 NS NS N, E, ORF1 < 40 94.1 98.6 97.7 H 

29. Braz-Silva et al. 201 40 1:1.5 E & S < 40 71.1 87.9 83.6 M 

30. Chen et. al. 58 38 1:1 ORF1 & N < 35 89.1 0.0 84.5 H 

31. Guclu et al. 64 51 1:1 NS < 45 

(32.9) 

85.2 89.2 87.5 H 

32. Hasanoglu et al. 60 34 1:1 RdRp < 40 56.3 75 60 M 

33. Kandel et al. 215 42 1:1.5 ORF1 & E < 37 90.7 99.2 98.4 M 

34. Kim et al. 15 59 1:2 E & RdRp ≤ 35 NS NS NS U 

35. Lai et al. 50 NS 1:1 N ≤ 39.9 NS NS NS M 

36. Li et al. 13 52.8 1:1 RdRp,E,N NS NS NS NS H 

37. Lin et al. 52 57.3 1:1 ORF1, N, E ≤ 30 82.6 27.6 51.9 M 

38. Moreno-Contreras et al. 71 41 1:1 E ≤ 38 67.9 86.1 78.9 U 

39. Perchetti et al. 20 NS NS N (35.4) NA NS NS M 

40. Procop et al. 216 44 NS N (24.2) 100 99.4 NS H 

41. Senok et al. 401 35.5 4:1 RdRp,N < 40 73.1 97.6 96.0 M 

42. Sohn et al. 48 32.6 3:1 RdRp,E,N < 40 100 97.6 97.9 H 

43. Vaz et al. 155 40 1:3 E,RdRp ≤ 40 94.4 97.6 96.1 H 

44. Yokota et al 161 44.9 1:1.5 N < 37.3 92.7 95.0 94.4 H 

Key: ∗ = Median age; NS = Not Stated, SA = Saliva, C t = Cycle threshold, N = N gene, E = E gene, ORF1 = Open read frame 1 gene, RdRp = RNA dependent RNA polymerase gene, 

M = Medium, H = High, U = Unknown 
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n average overall agreement of 89.7% (95% CI 60%–100%). A box- 

lot showed that the interquartile range and the median percent- 

ge positive NPS was greater than that of SA cases, suggesting a 

igher percentage positive NPS (w Fig. 1 ). Also, the boxplot was 

kewed to the left (above median) for NPS, suggesting the higher 

ercentage positive NPS values are closer to the mean percent- 

ge positive NPS than that of SA cases, which was skewed to 
168 
he right (below the mean), suggesting that the lower percent- 

ge positive are closer to the mean percentage positive SA cases 

 Fig. 1 ). Saliva collection protocol for studies were also assessed 

ith respect to deep throat collection through coughing and spit- 

ing/drooling. No difference in percentage positive SA was found 

etween the deep throat group ( Rao et al., 2021 ; Leung et al., 2021 ;

ojima et al., 2020 ; Wong et al., 2020 ; Otto et al., 2021 ) and the
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Fig. 1. Boxplot for % of positive sample for index and reference 
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pitting group, this is despite saliva dilution or pretreatment due 

o saliva viscosity, which was done in three studies ( Jamal et al., 

021 ; Landry et al., 2020 ; Hanson et al., 2020 ). Differences in di-

gnostic performance at different points of presentation between 

A and NPS samples were also reviewed. Further analysis of these 

tudies showed that percentage positive SA was lower at < 7 days 

before or at early symptom onset) than > 7 days (after symptom 

nset), and although this was similar for NPS, the SA test positiv- 

ty was lower ( Landry et al., 2020 ; Jamal et al., 2021 ; Dogan et al.,

021 ; Migueres et al., 2020 ; Byrne et al., 2020 ). All but 12 stud-

es ( Iwasaki et al., 2020 ; Wyllie et al., 2020 ; Pasomsub et al., 2021 ;

raz-Silva et al., 2020 ; Barat et al., 2021 ; Hasanoglu et al., 2021 ;

ao et al., 2021 ; Kandel et al., 2020 ; Lai et al., 2020 ; Lin et al.,

020 ; Perchetti et al., 2020 ; Senok et al., 2020 ) had a high patient

election bias and all assays had low biases ( Table 2 ), ( Fig. 2 ). 
169 
iscussion 

This systematic review appraised studies that compared NPS 

ith SA specimens for SARS-CoV-2 detection using RT-PCR, with 

 view to accessing its suitability as an alternative to NPS dur- 

ng large-scale testing. We found the overall percentage of posi- 

ive SA detection to be lower than that of NPS. With the increased 

eed for worldwide testing, accurate and easy-to-use collecting 

ethods can help in surveillance and monitoring; in this regard, 

everal nonnucleic acid extraction protocol and new sample col- 

ecting techniques have been undertaken ( Kriegova et al., 2020 ; 

asan et al., 2020 ). However, the only RNA extraction-free proto- 

ol yielded a lower rate of detection ( Dogan et al., 2021 ). Although

ore than half of the study used 2–3 SARS-CoV-2 targets, which 

mproves detection accuracy, the median C t of 35–45 used for most 

f the studies, compared with a robust 25–30 value, may indicate 
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Fig. 2. Boxplot for % of positive sample for index and reference 
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n error in the assay used or an actual low viral concentration, 

ossibly from contamination. Increased saliva viscosity from deep 

hroat saliva collection by coughing resulted in decreased positive 

aliva detection compared with self-collection through spitting, al- 

eit not substantial. In addition, saliva viscosity is reported to re- 

ult in invalid test results due to an increased automated pipet- 

ing errors and this necessitated dilution of samples ( Jamal et al., 

021 ; Landry et al., 2020 ; Hanson et al., 2020 ). Therefore, we ad-

ocate that despite a disparity in percentage positive saliva from 

oth sampling techniques, self-collection through spitting should 

e the preferred option. There are reports of SARS-CoV-2 being de- 

ected in saliva at higher titers in the early days of the onset of 

ymptoms and the viral load decreasing over time ( Comber et al., 

021 ). There remains no consensus on how long after symptom 

nset the SARS-CoV-2 RNA can be detected in saliva, with some 

eports suggesting within the first 13 days compared with 19 days 

or nasopharyngeal swabs ( Comber et al., 2021 ). This study noted 

hat collection of saliva 7 days after symptom onset yielded lower 

ercentage positive detection, albeit not substantial, thus suggest- 

ng this to be a challenge in the utilization of saliva as a specimen

ype. 

In summary, although the literature support nasopharyngeal 

wabs as a superior specimen for percentage positive SARS-CoV- 

 detection, only surpassed by a combination with oropharyn- 

eal swab, alternative clinical specimen such as saliva may of- 

er potential benefits such as patient comfort, reduced invasive- 

ess, low risk of cross infection, and large-scale testing alterna- 

ive during swab shortage. In addition, its application through self- 

ollection reduces the need for personal protective equipment, es- 
170 
ecially where shortage is an issue. Therefore, because of these ad- 

antages, a potentially reduced accuracy may be tolerated, espe- 

ially in large-scale testing or testing in regions with lower socioe- 

onomic or underdeveloped healthcare system. 

onflict of interest 

The authors have no competing interests to declare. 

uthor contributions 

Principal author contributed 75% of the manuscript, Co-author 

ontributed 25% of the manuscript 

eferences 

ita A, Basso D, Cattelan AM, Fioretto P, Navaglia F, Barbaro F, Stoppa A, Coc-
corullo E, Farella A, Socal A, Vettor R, Plebani M. SARS-CoV-2 identification and 

IgA antibodies in saliva: one sample two tests approach for diagnosis. Clin Chim 

Acta 2020;510:717–22 . 

zzi L, Baj A, Alberio T, Lualdi M, Veronesi G, Carcano G, Ageno W, Gambarini C,
Maffioli L, Saverio SD, Gasperina DD, Genoni AP, Premi E, Donati S, Azzolini C, 

Grandi AM, Dentali F, Tangianu F, Sessa F, Maurino V, Tettamanti L, Siracusa C, 

Vigezzi A, Monti E, Iori V, Iovino D, Ietto G, Group ADSLRSTNSR, Grossi PA, Tagli-
abue A, Fasano M. Rapid Salivary Test suitable for a mass screening program to 

detect SARS-CoV-2: a diagnostic accuracy study. J Infect 2020;81:e75–8 . 
abady NE, Mcmillen T, Jani K, Viale A, Robilotti EV, Aslam A, Diver M, Sokoli D,

Mason G, Shah MK, Korenstein D, Kamboj M. Performance of severe acute res- 
piratory syndrome coronavirus 2 real-time RT-PCR tests on oral rinses and saliva 

samples. J Mol Diagn 2021;23:3–9 . 
arat B, Das S, De Giorgi V, Henderson DK, Kopka S, Lau AF, Miller T, Mori-

arty T, Palmore TN, Sawney S, Spalding C, Tanjutco P, Wortmann G, Zelazny AM,

Frank KM. Pooled saliva specimens for SARS-CoV-2 testing. J Clin Microbiol 
2021;59 . 

hattacharya D, Parai D, Rout UK, Dash P, Nanda RR, Dash GC, Kanungo S, Palo SK,
Giri S, Choudhary HR, Kshatri JS, Turuk J, Mishra BK, Lenka RK, Dash S, 

Pati S. Saliva for diagnosis of SARS-CoV-2: first report from India. J Med Virol 
2021;93:2529–33 . 

raz-Silva PH, Mamana AC, Romano CM, Felix AC, De Paula AV, Fereira NE, Buss LF,

Tozetto-Mendoza TR, Caixeta RAV, Leal FE, Grespan RMZ, Bizário JCS, Ferraz ABC, 
Sapkota D, Giannecchini S, TO KK, Doglio A, Mendes-Correa MC. Performance of 

at-home self-collected saliva and nasal-oropharyngeal swabs in the surveillance 
of COVID-19. J Oral Microbiol 2020;13 . 

yrne RL, Kay GA, Kontogianni K, Aljayyoussi G, Brown L, Collins AM, Cuevas LE, 
Ferreira DM, Fraser AJ, Garrod G, Hill H, Hughes GL, Menzies S, Mitsi E, Owen SI,

Patterson EI, Williams CT, Hyder-Wright A, Adams ER. Cubas-Atienzar AI. Saliva 

alternative to upper respiratory swabs for SARS-CoV-2 diagnosis. Emerg Infect 
Dis 2020;26:2770–1 . 

arlos WG, Dela Cruz CS, Cao B, Pasnick S, Jamil S. Novel wuhan (2019-nCoV) coro-
navirus. Am J Respir Crit Care Med 2020;201:7–8 . 

hen JH, Yip CC, Poon RW, Chan KH, Cheng VC, Hung IF, Chan JF, Yuen KY, To KK.
Evaluating the use of posterior oropharyngeal saliva in a point-of-care assay for 

the detection of SARS-CoV-2. Emerg Microbes Infect 2020;9:1356–9 . 

heng MP, Papenburg J, Desjardins M, Kanjilal S, Quach C, Libman M, Dittrich S, 
Yansouni CP. Diagnostic testing for severe acute respiratory syndrome-related 

coronavirus 2: a narrative review. Ann Intern Med 2020;172:726–34 . 
omber L, Walsh KA, Jordan K, O’Brien KK, Clyne B, Teljeur C, Drummond L, 

Carty PG, De Gascun CF, Smith SM, Harrington P, Ryan M, O’Neill M. Alternative 
clinical specimens for the detection of SARS-CoV-2: a rapid review. Rev Med 

Virol 2021;31:e2185 . 

ogan OA, Kose B, Agaoglu NB, Yildiz J, Alkurt G, Demirkol YK, Irvem A, Do-
ganay GD, Doganay L. Does sampling saliva increase detection of SARS-CoV-2 

by RT-PCR? Comparing saliva with oro-nasopharyngeal swabs. J Virol Methods 
2021;290 . 

riesemer SB, Van Slyke G, Ehrbar D, Strle K, Yildirim T, Centurioni DA, Walsh AC,
Chang AK, Waxman MJ, St George K. Evaluation of specimen types and saliva 

stabilization solutions for SARS-CoV-2 testing. J Clin Microbiol 2021;59 . 

üçlü E, Koroglu M, Yürümez Y, Toptan H, Kose E, Güneysu F, Karabay O. Compar- 
ison of saliva and oro-nasopharyngeal swab sample in the molecular diagnosis 

of COVID-19. Rev Assoc Med Bras (1992) 2020;66:1116–21 . 
uo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, Tan KS, Wang DY, Yan Y. The ori-

gin, transmission and clinical therapies on coronavirus disease 2019 (COVID-19) 
outbreak - an update on the status. Mil Med Res 2020;7:11 . 

anson KE, Barker AP, Hillyard DR, Gilmore N, Barrett JW, Orlandi RR, Shakir SM. 
Self-Collected Anterior Nasal and Saliva Specimens versus health care worker–

Collected Nasopharyngeal Swabs for the Molecular Detection of SARS-CoV-2. J 

Clin Microbiol 2020;58 . 
asan MR, Mirza F, Al-Hail H, Sundararaju S, Xaba T, Iqbal M, Alhussain H, 

Yassine HM, Perez-Lopez A, Tang P. Detection of SARS-CoV-2 RNA by direct 
RT-qPCR on nasopharyngeal specimens without extraction of viral RNA. PLOS 

ONE 2020;15 . 

http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0005
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0006
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0007
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0010
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0011
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0012
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0015
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0016
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0017


E. Okoturo and M. Amure International Journal of Infectious Diseases 121 (2022) 166–171 

H

H

H

H

 

H  

 

 

I
 

J  

 

K  

K  

K  

K

L  

L  

L  

L  

L  

M

M

M

M

N
 

O  

O

P

 

 

P  

P

P

P

R  

R  

 

 

 

R

R

S  

S

S  

S

 

V  

W  

W

W

W  

W
 

 

 

X  

Y  
asanoglu I, Korukluoglu G, Asilturk D, Cosgun Y, Kalem AK, Altas AB, Kayaaslan B, 
Eser F, Kuzucu EA, Guner R. Higher viral loads in asymptomatic COVID-19 pa- 

tients might be the invisible part of the iceberg. Infection 2021;49:117–26 . 
IQA. Evidence summary for Covid-19 clinical samples. Health Information Press 

and Quality Authority; 2020 . 
itzenbichler F, Bauernfeind S, Salzberger B, Schmidt B, Wenzel JJ. Comparison of 

throat washings, nasopharyngeal swabs and oropharyngeal swabs for detection 
of SARS-CoV-2. Viruses 2021;13 . 

offmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, Schier- 

gens TS, Herrler G, Wu NH, Nitsche A, Müller MA, Drosten C, Pöhlmann S. SARS–
CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a clinically

proven protease inhibitor. Cell 2020;181:271–80 e8 . 
uang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z,

Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J,
Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features of patients in-

fected with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497–506 . 

wasaki S, Fujisawa S, Nakakubo S, Kamada K, Yamashita Y, Fukumoto T, Sato K, 
Oguri S, Taki K, Senjo H, Sugita J, Hayasaka K, Konno S, Nishida M, Teshima T.

Comparison of SARS-CoV-2 detection in nasopharyngeal swab and saliva. J In- 
fect 2020;81:e145–7 . 

amal AJ, Mozafarihashjin M, Coomes E, Powis J, AX LI, Paterson A, Anceva-Sami S,
Barati S, Crowl G, Faheem A, Farooqi L, Khan S, Prost K, Poutanen S, Taylor M,

Yip L, Zhong XZ, Mcgeer AJ, Mubareka S. Toronto Invasive Bacterial Diseases 

Network COVID-19 Investigators. Sensitivity of nasopharyngeal swabs and saliva 
for the detection of severe acute respiratory syndrome coronavirus 2. Clin Infect 

Dis 2021;72:1064–6 . 
andel C, Zheng J, Mccready J, Serbanescu MA, Racher H, Desaulnier M, Powis JE,

Vojdani K, Finlay L, Sheldrake E, Vermeiren C, Katz K, Mcgeer A, Kozak R, 
Goneau LW. Detection of SARS-CoV-2 from saliva as compared to nasopharyn- 

geal swabs in outpatients. Viruses 2020;12:1314 . 

im SE, Lee JY, Lee A, Kim S, Park KH, Jung SI, Kang SJ, Oh TH, Kim UJ, Lee SY,
Kee SJ, Jang HC. Viral load kinetics of SARS-CoV-2 infection in saliva in Ko- 

rean patients: a prospective multi-center comparative study. J Korean Med Sci 
2020;35:e287 . 

ojima N, Turner F, Slepnev V, Bacelar A, Deming L, Kodeboyina S, Klausner JD. Self-
-collected oral fluid and nasal swab specimens demonstrate comparable sensi- 

tivity to clinician-collected nasopharyngeal swab specimens for the detection of 

SARS-CoV-2. Clin Infect Dis 2020;73:e3106–9 . 
riegova E, Fillerova R, Kvapil P. Direct-RT-qPCR detection of SARS-CoV-2 without 

RNA extraction as part of a COVID-19 testing strategy: from sample to result in 
one hour. Diagnostics (Basel) 2020;10:605 . 

ai CKC, Chen Z, Lui G, Ling L, Li T, Wong MCS, Ng RWY, Tso EYK, Ho T, Fung KSC,
Ng ST, Wong BKC, Boon SS, Hui DSC, Chan PKS. Prospective study comparing 

deep throat saliva with other respiratory tract specimens in the diagnosis of 

novel coronavirus disease 2019. J Infect Dis 2020;222:1612–19 . 
andry ML, Criscuolo J, Peaper DR. Challenges in use of saliva for detection of SARS

CoV-2 RNA in symptomatic outpatients. J Clin Virol 2020;130 . 
eung EC, Chow VC, Lee MK, Lai RW. Deep throat saliva as an alternative diagnostic

specimen type for the detection of SARS-CoV-2. J Med Virol 2021;93:533–6 . 
i Y, Hu Y, Yu Y, Zhang X, Li B, Wu J, Li J, Wu Y, Xia X, Tang H, Xu J. Positive result

of Sars-Cov-2 in faeces and sputum from discharged patients with COVID-19 in 
Yiwu. China. J Med Virol 2020;92:1938–47 . 

in C, Xiang J, Yan M, Li H, Huang S, Shen C. Comparison of throat swabs

and sputum specimens for viral nucleic acid detection in 52 cases of novel 
coronavirus (SARS-Cov-2)-infected pneumonia (COVID-19). Clin Chem Lab Med 

2020;58:1089–94 . 
ccormick-Baw C, Morgan K, Gaffney D, Cazares Y, Jaworski K, Byrd A, Molberg K, 

Cavuoti D. Saliva as an alternate specimen source for detection of SARS-CoV-2 in 
symptomatic patients using Cepheid Xpert Xpress SARS-CoV-2. J Clin Microbiol 

2020;58:e01109–20 . 

cmillen T, Jani K, Babady NE. Evaluation of sample pooling for SARS-CoV-2 RNA 
detection in nasopharyngeal swabs and salivas on the Roche Cobas 6800. J Clin 

Virol 2021;138 . 
igueres M, Mengelle C, Dimeglio C, Didier A, Alvarez M, Delobel P, Mansuy JM, 

Izopet J. Saliva sampling for diagnosing SARS-CoV-2 infections in symptomatic 
patients and asymptomatic carriers. J Clin Virol 2020;130 . 

oreno-Contreras J, Espinoza MA, Sandoval-Jaime C, Cantú-Cuevas MA, Barón-Oli- 

vares H, Ortiz-Orozco OD, Muñoz-Rangel AV, Hernández-de la Cruz M, Eroza- 
-Osorio CM, Arias CF, López S. Saliva sampling and its direct lysis, an excellent 

option to increase the number of SARS-CoV-2 diagnostic tests in settings with 
supply shortages. J Clin Microbiol 2020;58:e01620–59 . 

acher M, Mergeay-Fabre M, Blanchet D, Benoit O, Pozl T, Mesphoule P, Sain- 
te-Rose V, Vialette V, Toulet B, Moua A, Saout M, Simon S, Guidarelli M,

Galindo M, Biche B, Faurous W, Chaizemartin L, Fahrasmane A, Rochemont D, 

Vignier N, Vabret A, Demar M. Prospective comparison of saliva and nasopha- 
ryngeal swab sampling for mass screening for COVID-19. Front Med (Lausanne) 

2021;8 . 
bermeier P, Muehlhans S, Hoppe C, Karsch K, Tief F, Seeber L, Chen X, Conrad T,

Boettcher S, Diedrich S, Rath B. Enabling precision medicine with digital case 
classification at the point-of-care. EBioMedicine 2016;4:191–6 . 
171 
tto MP, Darles C, Valero E, Benner P, Dutasta F, Janvier F. Posterior oropharyn- 
geal saliva for the detection of severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2). Clin Infect Dis 2021;73:555–7 . 
age MJ, Mckenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, 

Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM, Hróbjarts- 
son A, LALU MM LI T, Loder EW, Mayo-Wilson E, Mcdonald S, Mcguinness LA,

Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P, Moher D. The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. BMJ 

2021;372:n71 . 

an Y, Zhang D, Yang P, Poon LLM, Wang Q. Viral load of SARS-CoV-2 in clinical
samples. Lancet Infect Dis 2020;20:411–12 . 

asomsub E, Watcharananan SP, Boonyawat K, Janchompoo P, Wongtabtim G, Suk- 
suwan W, Sungkanuparph S, Phuphuakrat A. Saliva sample as a non-invasive 

specimen for the diagnosis of coronavirus disease 2019: a cross-sectional study. 
Clin Microbiol Infect 2021;27:285 e1–4 . 

erchetti GA, Nalla AK, Huang ML, Zhu H, Wei Y, Stensland L, Loprieno MA, 

Jerome KR, Greninger AL. Validation of SARS-CoV-2 detection across multiple 
specimen types. J Clin Virol 2020;128 . 

rocop GW, Shrestha NK, Vogel S, Van Sickle K, Harrington S, Rhoads DD, Ru- 
bin BP, Terpeluk P. A direct comparison of enhanced saliva to nasopharyngeal 

swab for the detection of SARS-CoV-2 in symptomatic patients. J Clin Microbiol 
2020;58:e01920–46 . 

ao M, Rashid FA, Sabri FSAH, Jamil NN, Zain R, Hashim R, Amran F, Kok HT,

Samad MAA, Ahmad N. Comparing nasopharyngeal swab and early morning 
saliva for the identification of severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2). Clin Infect Dis 2021;72:e352–6 . 
en LL, Wang YM, Wu ZQ, Xiang ZC, Guo L, Xu T, Jiang YZ, Xiong Y, Li YJ, Li XW,

Li H, Fan GH, Gu XY, Xiao Y, Gao H, Xu JY, Yang F, Wang XM, Wu C, Chen L,
Liu YW, Liu B, Yang J, Wang XR, Dong J, Li L, Huang CL, Zhao JP, Hu Y, Cheng ZS,

Liu LL, Qian ZH, Qin C, Jin Q, Cao B, Wang JW. Identification of a novel coron-

avirus causing severe pneumonia in human: a descriptive study. Chin Med J 
(Engl) 2020;133:1015–24 . 

othan HA, Acharya A, Reid SP, Kumar M, Byrareddy SN. Molecular aspects of 
COVID-19 differential pathogenesis. Pathogens 2020;9:538 . 

utgers U. Accelerated emergency use authorization (EUA) summary SARS-CoV-2 
assay. Rutgers Clinical Genomics Laboratory; 2020 . 

enok A, Alsuwaidi H, Atrah Y, Al Ayedi O, Al Zahid J, Han A, Al Marzooqi A,

Al Heialy S, Altrabulsi B, Abdelwareth L, Idaghdour Y, Ali R, Loney T, Al- 
sheikh-Ali A. Saliva as an alternative specimen for molecular COVID-19 test- 

ing in community settings and population-based screening. Infect Drug Resist 
2020;13:3393–9 . 

kolimowska K, Rayment M, Jones R, Madona P, Moore LSP, Randell P. Non-inva- 
sive saliva specimens for the diagnosis of COVID-19: caution in mild outpatient 

cohorts with low prevalence. Clin Microbiol Infect 2020;26:1711–13 . 

ohn Y, Jeong SJ, Chung WS, Hyun JH, Baek YJ, Cho Y, Kim JH, Ahn JY, Choi JY,
Yeom JS. Assessing viral shedding and infectivity of asymptomatic or mildly 

symptomatic patients with COVID-19 in a later phase. J Clin Med 2020;9:2924 . 
orelle JA, Mahimainathan L, Mccormick-Baw C, Cavuoti D, Lee F, Thomas A, Sar- 

ode R, Clark AE, Muthukumar A. Saliva for use with a point of care assay for
the rapid diagnosis of COVID-19. Clin Chim Acta 2020;510:685–6 . 

az SN, Santana DS, Netto EM, Pedroso C, Wang WK, Santos FDA, Brites C. Saliva
is a reliable, non-invasive specimen for SARS-CoV-2 detection. Braz J Infect Dis 

2020;24:422–7 . 

ang W, Tang J, Wei F. Updated understanding of the outbreak of 2019 novel coro-
navirus (2019-nCoV) in Wuhan. China. J Med Virol 2020;92:441–7 . 

hiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, Leeflang MM, 
Sterne JA, Bossuyt PM. QUADAS-2 Group. QUADAS-2: a revised tool for the qual- 

ity assessment of diagnostic accuracy studies. Ann Intern Med 2011;155:529–36 . 
illiams E, Bond K, Zhang B, Putland M, Williamson DA. Saliva as a noninvasive 

specimen for detection of SARS-CoV-2. J Clin Microbiol 2020;58:e00720–76 . 

ong SCY, Tse H, Siu HK, Kwong TS, Chu MY, Yau FYS, Cheung IYY, Tse CWS,
Poon KC, Cheung KC, Wu TC, Chan JWM, Cheuk W, Lung DC. Posterior oropha- 

ryngeal saliva for the detection of severe acute respiratory syndrome coron- 
avirus 2 (SARS-CoV-2). Clin Infect Dis 2020;71:2939–46 . 

yllie AL, Fournier J, Casanovas-Massana A, Campbell M, Tokuyama M, Vijayaku- 
mar P, Warren JL, Geng B, Muenker MC, Moore AJ, Vogels CBF, Petrone ME,

Ott IM, Lu P, Venkataraman A, Lu-Culligan A, Klein J, Earnest R, Simonov M, 

Datta R, Handoko R, Naushad N, Sewanan LR, Valdez J, White EB, Lapidus S, 
Kalinich CC, Jiang X, Kim DJ, Kudo E, Linehan M, Mao T, Moriyama M, Oh JE,

Park A, Silva J, Song E, Takahashi T, Taura M, Weizman OE, Wong P, Yang Y,
Bermejo S, Odio CD, Omer SB, Dela Cruz CS, Farhadian S, Martinello RA, 

Iwasaki A, Grubaugh ND, KO AI. Saliva or nasopharyngeal swab specimens for 
detection of SARS-CoV-2. N Engl J Med 2020;383:1283–6 . 

u J, Li Y, Gan F, Du Y, Yao Y. Salivary glands: potential reservoirs for COVID-19

asymptomatic infection. J Dent Res 2020;99:989 . 
okota I, P S, Okada K, Unoki Y, Yang Y, Inao T, Sakamaki K, Iwasaki S, Hayasaka K,

Sugita J, Nishida M, Fujisawa S. Teshima. Mass screening of asymptomatic per- 
sons for SARS-CoV-2 using saliva. Clin Infect Dis 2021;73:e559–65 . 

http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0019
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0020
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0021
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0023
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0024
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0025
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0027
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0028
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0030
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0035
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0041
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0042
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0044
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0047
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0048
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0049
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0050
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0051
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0052
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0053
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0054
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0055
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0056
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0057
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0058
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0059
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0060
http://refhub.elsevier.com/S1201-9712(22)00272-7/sbref0061

