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Letter to the Editor 

Evaluation of saliva as an alternative diagnostic specimen 

source for SARS-CoV-2 detection by RT-dPCR 
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ear Editor, 

Emerging studies focusing on severe acute respiratory syn- 

rome coronavirus 2 (SARS-CoV-2) detection have aroused world- 

ide interest and attention. A recent study reported by Azzi 

t al. which demonstrated that saliva was a reliable tool for 

ARS-CoV-2 detection, and further validated separately by Iwasaki 

nd Zhu, have provided promising evidence for dependable test 

ource. 1-3 To better validate the potential of saliva as an alternative 

pecimen for coronavirus disease 2019 (COVID-19) diagnosis, espe- 

ially in low viral load samples, we recruited 35 recovered COVID- 

9 inpatients who showed no symptoms and long-term positive 

ucleic acid in the respiratory tract and totally collected 183 speci- 

ens of saliva, sputum, nasopharyngeal swab (NPS), oropharyngeal 

wab (OPS), anal swab, and feces for reverse transcriptase digital 

olymerase chain reaction (RT-dPCR) evaluation. Our results con- 

rmed that saliva is a self-collectable and reliable specimen source 

or accurate SARS-CoV-2 carrier screening. 

SARS-CoV-2 is the novel coronavirus causing COVID-19 and has 

igh transmissibility and distribution worldwide, making accurate 

nd efficient SARS-CoV-2 detection for potential infected patients 

rucial in guiding effective treatment and public infection control. 

putum, NPS, OPS, anal swab, and feces have been collected for 

ARS-CoV-2 detection. For various drawbacks of these specimen 

ollections, like discomfort caused to patients, risk to healthcare 

orkers while accessing, and also being self-undoable, saliva is be- 

ng considered as a promising alternative. 1 And detection perfor- 

ances of saliva have been reported, such as high/low viral load, 4 , 5 

r less sensitive comparing to NPS. 6 These differences exist be- 

ause RT-qPCR and RT-dPCR are mostly accurate for high viral load 

pecimens, whereas for low viral load specimens, RT-dPCR per- 

orms better than RT-qPCR. 7 And ORF1ab/RdRp, E, S, or N genes 

etection using clinical specimens is currently the gold standard. 8 

oreover, both Zhu and Iwasaki et al. reported that the viral load 

ested in saliva was identical at earlier stages but reduced to lower 

evels especially during recovering phase. 2 , 3 

Therefore, in our study, we aim to further validate the feasi- 

ility of saliva collection for COVID-19 diagnosis, especially in low 

iral load populations, which is a group of recovered COVID-19 

npatients who showed no symptoms and long-term positive nu- 

leic acid in the respiratory tract. Thirty-five patients including 16 

ales and 19 females with a median age of 65 years old (IQR: 57–

5.5) enrolled in this study, and 183 specimens (saliva: 36, spu- 

um: 24, NPS: 28, OPS: 46, anal swab: 35, and feces: 14) were 

ollected. 

All 183 specimens have been processed for RT-dPCR detection 

y targeting ORF1ab, E, and N genes of SARS-CoV-2. 9 The positive 
ttps://doi.org/10.1016/j.jinf.2020.11.023 
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ates of SARS-CoV-2 detection in saliva, sputum, NPS, OPS, anal 

wab, and feces were 86%, 79%, 93%, 83%, 64%, and 36%, respec- 

ively. These results showed that NPS had the highest positive rate 

mong the six types of specimens, followed by saliva detection that 

ad slightly lower rate than NPS. This finding suggested that SARS- 

oV-2 detection using NPS and saliva specimens had high screen- 

ng efficiencies. 

PPA and NPA analyses were conducted to further determine the 

etection performance of saliva in comparison with three most 

ommonly used respiratory tract specimens, namely, OPS, NPS, and 

putum. Among the 27 specimen pairs of saliva and OPS analyzed, 

7 were positive, 2 were negative, 3 were positive in saliva but 

egative in OPS, and 5 were positive in OPS but negative in saliva. 

he PPA and NPA of saliva were 85.0% (95% CI 64.0%–94.8%) and 

8.6% (95% CI 8.2%–64.1%), respectively ( Table 1 ). Same compar- 

sons were conducted between saliva and NPS (16 specimen pairs), 

aliva and sputum (20 specimen pairs) with result listed ( Table 1 ). 

f note, saliva had higher detection performance and less false 

egative than NPS, OPS, and sputum. Among the 21 individuals, the 

iral loads in the saliva for ORF1ab, E, and N gene detection were 

bove the detection limit of RT-dPCR. These findings indicated that 

aliva has good detection performance and might avoid false nega- 

ives compared with other specimens for SARS-CoV-2 detection. 

In Azzi’s study, the use of the Ct values highlights a trend in vi- 

al load but does not allow a quantification of the viral copies/ml. 

ere, our result of viral load values of different specimens from 

1 individuals showed that the viral loads of all saliva, sputum, 

PS, and NPS specimens collected from recruited recovered COVID- 

9 inpatients were lower than 5 × 10 3 copies/mL ( Fig. 1 ), which is

elow the qPCR limit. 10 Although the viral load values of saliva 

ere significantly higher than that of OPS ( P = 0.0169) in the 

RF1ab gene detection ( Fig. 1 ). This finding suggested a tendency 

f higher viral load for saliva than for other types of specimens in 

ARS-CoV-2 detection, especially for OPS and NPS, which have 

een used as two recommended upper respiratory tract specimen 

ypes. 

The main limitation of this study is small sample size of the re- 

ruited recovered COVID-19 inpatients, as well as low compliance 

f patients. And the viral load value of specimens collected from 

he recruited inpatients were mostly lower than 5 × 10 3 copies/mL, 

hich was consistent with the detection in the specimens col- 

ected from asymptomatic SARS-CoV-2 carriers. 7 However, from 

nother perspective, this is also the highlight of our study that we 

ecruited specific population with low viral load to prove the ad- 

antages of saliva test as an thoroughly screening of those SARS- 

oV-2 carriers or recovering patients. Moreover, RT-dPCR assay 

sed in our study revealed a high detection rate of SARS-CoV-2 

n saliva. Finally, our results showed that the SARS-CoV-2 detection 

n saliva had the highest median viral load, which was significantly 

igher than that in OPS by ORF1ab genes. 
eserved. 
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Table 1 

The comparison for the SARS-CoV-2 detection between saliva and OPS, NPS or sputum. 

OPS 

Positive Negative Total PPA NPA 

Saliva Positive 17 5 22 85.0% (95% CI 

64.0% −94.8%) 

28.6% (95% CI 

8.2% −64.1%) Negative 3 2 5 

Total 20 7 27 

NPS Total PPA NPA 

Positive Negative 

Saliva Positive 14 2 16 100.0% (95% CI 

78.5% −100.0%) 

0.0% (95% CI 

0.0% −65.8%) Negative 0 0 0 

Total 14 2 16 

Sputum Total PPA NPA 

Positive Negative 

Saliva Positive 12 4 16 80.0% (95% CI 

54.8% −93.0%) 

20.0% (95% CI 

3.6% −62.4%) Negative 3 1 4 

Total 15 5 20 

CI: Confidence interval. 

Fig. 1. Viral load comparison in the specimens of saliva, sputum, OPS and NPS 

Viral loads of SARS-CoV-2 in the specimens of saliva, sputum, OPS and NPS were detected by RT-dPCR targeting ORF1ab gene (a), N gene (b), and E gene (c) by RT-dPCR. The 

significance of difference between the sample types was analyzed by unpaired t -test using GraphPad Prism (version 6.01). 
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In conclusion, our results implicated saliva as an alternative di- 

gnostic specimen for SARS-CoV-2 screening, in light of its rela- 

ively high viral load, positive rate, clinical performance, reliability, 

tability, patient-acceptable, and healthcare worker safety. 
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