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C o r r e s p o n d e n c e

Saliva or Nasopharyngeal Swab Specimens 
for Detection of SARS-CoV-2

To the Editor: Rapid and accurate diagnostic 
tests are essential for controlling the ongoing 
Covid-19 pandemic. Although the current stan-
dard involves testing of nasopharyngeal swab 
specimens by quantitative reverse-transcriptase 
polymerase chain reaction (RT-qPCR) to detect 
SARS-CoV-2, saliva specimens may be an alter-
native diagnostic sample.1-4 Rigorous evaluation 
is needed to determine how saliva specimens 
compare with nasopharyngeal swab specimens 
with respect to sensitivity in detection of SARS-
CoV-2 during the course of infection.

A total of 70 inpatients with Covid-19 pro-
vided written informed consent to participate in 
our study (see the Methods section in Supple-
mentary Appendix 1, available with the full text 
of this letter at NEJM.org). After Covid-19 was 
confirmed with a positive nasopharyngeal swab 
specimen at hospital admission, we obtained ad-
ditional samples from the patients during hospi-
talization. We tested saliva specimens collected 
by the patients themselves and nasopharyngeal 
swabs collected from the patients at the same 
time point by health care workers.

Using primer sequences from the Centers for 
Disease Control and Prevention, we detected more 
SARS-CoV-2 RNA copies in the saliva specimens 
(mean log copies per milliliter, 5.58; 95% confi-
dence interval [CI], 5.09 to 6.07) than in the naso-
pharyngeal swab specimens (mean log copies 
per milliliter, 4.93; 95% CI, 4.53 to 5.33) (Fig. 1A, 
and Fig. S1 in Supplementary Appendix 1). In 
addition, a higher percentage of saliva samples 
than nasopharyngeal swab samples were posi-
tive up to 10 days after the Covid-19 diagnosis 
(Fig. 1B). At 1 to 5 days after diagnosis, 81% 
(95% CI, 71 to 96) of the saliva samples were 
positive, as compared with 71% (95% CI, 67 to 94) 

of the nasopharyngeal swab specimens. These 
findings suggest that saliva specimens and na-
sopharyngeal swab specimens have at least simi-
lar sensitivity in the detection of SARS-CoV-2 
during the course of hospitalization.

Because the results of testing of nasopharyn-
geal swab specimens to detect SARS-CoV-2 may 
vary with repeated sampling in individual pa-
tients,5 we evaluated viral detection in matched 
samples over time. The level of SARS-CoV-2 RNA 
decreased after symptom onset in both saliva 
specimens (estimated slope, −0.11; 95% credible 
interval, −0.15 to −0.06) (Fig. 1C) and nasopha-
ryngeal swab specimens (estimated slope, −0.09; 
95% credible interval, −0.13 to −0.05) (Fig. 1D). 
In three instances, a negative nasopharyngeal 
swab specimen was followed by a positive swab 
at the next collection of a specimen (Fig. 1D); 
this phenomenon occurred only once with the 
saliva specimens (Fig. 1C). During the clinical 
course, we observed less variation in levels of 
SARS-CoV-2 RNA in the saliva specimens (stan-
dard deviation, 0.98 virus RNA copies per millili-
ter; 95% credible interval, 0.08 to 1.98) than in 
the nasopharyngeal swab specimens (standard 
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deviation, 2.01 virus RNA copies per milliliter; 
95% credible interval, 1.29 to 2.70) (see Supple-
mentary Appendix 1).

Recent studies have shown that SARS-CoV-2 
can be detected in the saliva of asymptomatic 
persons and outpatients.1-3 We therefore screened 
495 asymptomatic health care workers who pro-
vided written informed consent to participate in 
our prospective study, and we used RT-qPCR to 
test both saliva and nasopharyngeal samples 
obtained from these persons. We detected SARS-
CoV-2 RNA in saliva specimens obtained from 
13 persons who did not report any symptoms at 
or before the time of sample collection. Of these 
13 health care workers, 9 had collected matched 
nasopharyngeal swab specimens by themselves on 
the same day, and 7 of these specimens tested 
negative (Fig. S2). The diagnosis in the 13 health 
care workers with positive saliva specimens was 
later confirmed in diagnostic testing of addi-
tional nasopharyngeal samples by a CLIA (Clinical 
Laboratory Improvement Amendments of 1988)–
certified laboratory.

Variation in nasopharyngeal sampling may 
be an explanation for false negative results, so 
monitoring an internal control for proper sam-
ple collection may provide an alternative evalua-
tion technique. In specimens collected from in-
patients by health care workers, we found greater 
variation in human RNase P cycle threshold (Ct) 
values in nasopharyngeal swab specimens (stan-
dard deviation, 2.89 Ct; 95% CI, 26.53 to 27.69) 
than in saliva specimens (standard deviation, 
2.49 Ct; 95% CI, 23.35 to 24.35). When health 

care workers collected their own specimens, we 
also found greater variation in RNase P Ct values 
in nasopharyngeal swab specimens (standard 
deviation, 2.26 Ct; 95% CI, 28.39 to 28.56) than 
in saliva specimens (standard deviation , 1.65 Ct; 
95% CI, 24.14 to 24.26) (Fig. S3).

Collection of saliva samples by patients them-
selves negates the need for direct interaction be-
tween health care workers and patients. This inter-
action is a source of major testing bottlenecks 
and presents a risk of nosocomial infection. 
Collection of saliva samples by patients them-
selves also alleviates demands for supplies of 
swabs and personal protective equipment. Given 
the growing need for testing, our findings pro-
vide support for the potential of saliva speci-
mens in the diagnosis of SARS-CoV-2 infection.
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Figure 1 (facing page). SARS-CoV-2 RNA Titers in Saliva Specimens and Nasopharyngeal Swab Specimens.

Samples were obtained from 70 hospital inpatients who had a diagnosis of Covid-19. Panel A shows SARS-CoV-2 
RNA titers in the first available nasopharyngeal and saliva samples. The lines indicate samples from the same pa-
tient. Results were compared with the use of a Wilcoxon signed-rank test (P<0.001). Panel B shows percentages of 
positivity for SARS-CoV-2 in tests of the first matched nasopharyngeal and saliva samples at 1 to 5 days, 6 to 10 
days, and 11 or more days (maximum, 53 days) after the diagnosis of Covid-19. Panel C shows longitudinal SARS-
CoV-2 RNA copies per milliliter in 97 saliva samples, according to days since symptom onset. Each circle represents 
a separate sample. Dashed lines indicate additional samples from the same patient. The red line indicates a nega-
tive saliva sample that was followed by a positive sample at the next collection of a specimen. Panel D shows longi-
tudinal SARS-CoV-2 RNA copies per milliliter in 97 nasopharyngeal swab specimens, according to days since symp-
tom onset. The red lines indicate negative nasopharyngeal swab specimens there were followed by a positive swab 
at the next collection of a specimen. The gray area in Panels C and D indicates samples that were below the lower 
limit of detection of 5610 virus RNA copies per milliliter of sample, which is at cycle threshold 38 of our quantitative 
reverse-transcriptase polymerase chain reaction assay targeting the SARS-CoV-2 N1 sequence recommended by the 
Centers for Disease Control and Prevention. To analyze these data, we used a linear mixed-effects regression model 
(see Supplementary Appendix 1) that accounts for the correlation between samples collected from the same person 
at a single time point (i.e., multivariate response) and the correlation between samples collected across time from 
the same patient (i.e., repeated measures). All the data used to generate this figure, including the raw cycle thresh-
olds, are provided in Supplementary Data 1 in Supplementary Appendix 2.

The New England Journal of Medicine 
Downloaded from nejm.org at KOREA ADVANCED INST OF SCI & TECH on November 17, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 383;13  nejm.org  September 24, 2020

Bertie Geng, M.D.
Yale School of Medicine 
New Haven, CT

M. Catherine Muenker, M.S. 
Adam J. Moore, M.P.H. 
Chantal B.F. Vogels, Ph.D. 
Mary E. Petrone, B.S. 
Isabel M. Ott, B.S.
Yale School of Public Health 
New Haven, CT

Peiwen Lu, Ph.D. 
Arvind Venkataraman, B.S. 
Alice Lu-Culligan, B.S. 
Jonathan Klein, B.S.
Yale School of Medicine 
New Haven, CT

Rebecca Earnest, M.P.H.
Yale School of Public Health 
New Haven, CT

Michael Simonov, M.D. 
Rupak Datta, M.D., Ph.D. 
Ryan Handoko, M.D. 
Nida Naushad, B.S. 
Lorenzo R. Sewanan, M.Phil. 
Jordan Valdez, B.S.
Yale School of Medicine 
New Haven, CT

Elizabeth B. White, A.B. 
Sarah Lapidus, M.S. 
Chaney C. Kalinich, M.P.H.
Yale School of Public Health 
New Haven, CT

Xiaodong Jiang, M.D., Ph.D. 
Daniel J. Kim, A.B. 
Eriko Kudo, Ph.D. 
Melissa Linehan, M.S. 
Tianyang Mao, B.S. 
Miyu Moriyama, Ph.D. 
Ji E. Oh, M.D., Ph.D. 
Annsea Park, B.A. 
Julio Silva, B.S. 
Eric Song, M.S. 
Takehiro Takahashi, M.D., Ph.D. 
Manabu Taura, Ph.D. 
Orr-El Weizman, B.A. 
Patrick Wong, M.S. 
Yexin Yang, B.S. 

Santos Bermejo, B.S.
Yale School of Medicine 
New Haven, CT

Camila D. Odio, M.D.
Yale New Haven Health 
New Haven, CT

Saad B. Omer, M.B., B.S., Ph.D.
Yale Institute for Global Health 
New Haven, CT

Charles S. Dela Cruz, M.D., Ph.D. 
Shelli Farhadian, M.D., Ph.D. 
Richard A. Martinello, M.D. 
Akiko Iwasaki, Ph.D.
Yale School of Medicine 
New Haven, CT

Nathan D. Grubaugh, Ph.D. 
Albert I. Ko, M.D.
Yale School of Public Health 
New Haven, CT 
nathan.grubaugh@yale.edu 
albert.ko@yale.edu

Drs. Grubaugh and Ko contributed equally to this letter.
Supported by the Huffman Family Donor Advised Fund, a 

Fast Grant from Emergent Ventures at the Mercatus Center at 
George Mason University, the Yale Institute for Global Health, 
the Yale School of Medicine, a grant (U19 AI08992, to Dr. Ko) 
from the National Institute of Allergy and Infectious Diseases, 
the Beatrice Kleinberg Neuwirth Fund, and a grant (Rubicon 
019.181EN.004, to Dr. Vogel) from the Dutch Research Council 
(NWO).

Disclosure forms provided by the authors are available with 
the full text of this letter at NEJM.org.

This letter was published on August 28, 2020, at NEJM.org.

1.	 Kojima N, Turner F, Slepnev V, et al. Self-collected oral f luid 
and nasal swabs demonstrate comparable sensitivity to clinician 
collected nasopharyngeal swabs for Covid-19 detection. April 
15, 2020 (https://www​.medrxiv​.org/​content/​10​.1101/​2020​.04​.11​
.20062372v1). preprint.
2.	 Williams E, Bond K, Zhang B, Putland M, Williamson DA. 
Saliva as a non-invasive specimen for detection of SARS-CoV-2.  
J Clin Microbiol 2020;​58(8):​e00776-20.
3.	 Pasomsub E, Watcharananan SP, Boonyawat K, et al. Saliva 
sample as a non-invasive specimen for the diagnosis of corona-
virus disease 2019: a cross-sectional study. Clin Microbiol Infect 
2020 May 15 (Epub ahead of print).
4.	 Vogels CBF, Brackney D, Wang J, et al. SalivaDirect: simple 
and sensitive molecular diagnostic test for SARS-CoV-2 surveil-
lance. August 4, 2020 (https://www​.medrxiv​.org/​content/​10​.1101/​
2020​.08​.03​.20167791v1). preprint.
5.	 Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in up-
per respiratory specimens of infected patients. N Engl J Med 
2020;​382:​1177-9.

DOI: 10.1056/NEJMc2016359

Patient Safety and Resident Schedules without 24-Hour Shifts
To the Editor: The most important aspect of 
the article by Landrigan et al. (June 25 issue)1 
about the Randomized Order Safety Trial Evalu-
ating Resident-Physician Schedules (ROSTERS) is 

not the results. Rather, it is the highly question-
able implication that additional research is nec-
essary.

It is troubling that the medical profession con-
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