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Abstract

During the first two years of the coronavirus disease
2019 (COVID-19) pandemic, nasopharyngeal (NP) speci-
mens were the gold standard for clinical diagnostic testing.
As information about the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) causing the pandemic contin-
ued to be shared, it was clear that the virus could be detected
in other specimen types during an active infection. The Uni-
versity of Louisville Infectious Diseases Laboratory accepted
non-traditional specimen types, most without a paired, pos-
itive NP result, for research purposes only to support lo-
cal epidemiology efforts. A real-time reverse transcription-
polymerase chain reaction (RT-PCR) assay originally vali-
dated for NP specimens was used for non-traditional speci-
men types using a variety of specimen preparation methods.
Limit of detection (LOD) studies allowed for direct compari-
son between NP, sputum, and breast milk specimen types.
The primary aim of the study was to determine whether
SARS-CoV-2 RNA could be detected in different human spec-
imen types. The results showed that the non-traditional
specimens were not inherently inhibitory since SARS-CoV-2
RNA was detected in 36 (14.5%) out of 249 non-traditional
specimens, and the limit of detection for SARS-CoV-2 in
breast milk and sputum was the same as for NP specimens.
SARS-CoV-2 was not detected in 15 breast milk specimens
from mothers with positive SARS-CoV-2 NP results. In addi-
tion, a direct comparison study showed that NP specimens
performed better than paired nasal specimens. In conclu-
sion, by analyzing real-time RT-PCR test results for these
non-traditional specimen types, two benefits were realized.
Health care providers gained additional epidemiologic infor-
mation (since information was not to be used for manag-
ing or treating patients), and the laboratory gathered impor-
tant information about specimen types for which complete
method validation studies could be pursued in the future.

Introduction

In the early stages of the coronavirus disease 2019 (COVID-
19) pandemic, it was clear that the coronavirus could be
spread by the respiratory route and cause respiratory infec-
tion, but questions remained about other routes of trans-
mission and other infection sites. There were questions
about lower respiratory specimens, stool, and breast milk and
pregnancy-related specimen types, leading researchers to
test a variety of specimen types to understand possible routes
of transmission.[1] In addition, unusual presentations such as
headaches/anosmia and testicular torsion for some patients
hospitalized with suspected COVID-19 led to testing of non-
traditional specimen types such as cerebrospinal fluid (CSF)
and testicular tissue, respectively.[2, 3] Because the Univer-
sity of Louisville (UofL) Infectious Diseases Laboratory was
performing real-time reverse transcription-polymerase chain
reaction (RT-PCR) testing under U.S. Food & Drug Adminis-
tration (FDA) Emergency Use Authorization (EUA) in March
2020, non-traditional specimen types were tested by special
request as “research use only” and for epidemiologic pur-
poses. Most of the specimens submitted for this study did
not have paired, positive nasopharyngeal (NP) specimens.

The primary aim of this study was to determine whether
SARS-CoV-2 could be detected in a variety of respira-
tory specimen types and other non-traditional specimen
types. Additional goals were to publish the protocols used
for pre-treatment of various specimen types, to determine
whether the non-traditional specimen types were inherently
inhibitory, and to compare the limits of detection (LOD) for
nasopharyngeal (NP), breast milk, sputum, and other respi-
ratory specimen types of interest.
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Materials and Methods

Specimen collection and storage

All specimens submitted for research use only testing were
collected as part of standard of care testing by the UofL Hos-
pital under UofL Institutional Review Board (IRB) #18.0643
except as noted for breast milk specimens and nasal swab
studies. No informed consent was required because these
were considered waste specimens by the UofL IRB and thus
not human subject research. Most of the specimens submit-
ted did not have paired, positive NP specimens submitted
for testing except for the breast milk specimens (consented
and collected under UofL IRB #20.0257 and IRB #05.0556)
and nasal swabs (consented and collected under UofL IRB
#20.0786.). Specimens were stored in the refrigerator (4 °C)
until testing was performed within 72 hours of collection.

Real-time RT-PCR assay for SARS-CoV-2

The UofL Infectious Diseases Laboratory validated a Taq-
Man real-time RT-PCR assay for SARS-CoV-2 with NP spec-
imens in March 2020. The test was developed and its perfor-
mance characteristics determined by the UofL Infectious Dis-
eases Laboratory.[4] The assay was intended for use by Clin-
ical Laboratory Improvement Amendments (CLIA)-certified,
high-complexity laboratories with experience in developing
molecular diagnostics and was only for use under FDA EUA.
The reagents, instrument, and assay settings for different
specimen types were the same as for NP specimens as previ-
ously described for the Luminex ARIES®. Briefly, a Luminex
ARIES® TaqMan real-time RT-PCR was validated, targeting
the N1 and N3 nucleocapsid genes, as well as the human
RNase P gene, to create a multiplex molecular diagnostic as-
say. Results were for the qualitative detection of SARS-CoV-
2 RNA in NP swab specimens from individuals suspected of
COVID-19. For specimen types other than NP, the SARS-
CoV-2 RNA assay was not cleared or approved by the FDA.
Data shown in this study were intended to be used for re-
search and epidemiological purposes, not for patient man-
agement.

Respiratory and non-traditional specimens tested by real-time
RT-PCR SARS-CoV-2 assay

The UofL Infectious Diseases Laboratory received respira-
tory and non-traditional specimens during the early stages
of the COVID-19 pandemic. These included upper respira-
tory specimens, such as nasal and oropharyngeal; lower res-
piratory specimens, such as sputum, bronchoalveolar lavage
(BAL), and bronchial wash; stool; whole blood; cerebrospinal
fluid (CSF); breast milk; amniotic fluid; and tissue specimens,
such as placenta, umbilical cord, and testicle.

Preparation of nasal swab and oropharyngeal swab specimens

Nasal and oropharyngeal specimens were processed in the
same manner as an NP specimen. Briefly, after vortexing the
specimen tube, 195 𝜇L of the specimen was transferred to
a microcentrifuge tube containing 5 𝜇L of 1 𝜇g/1 𝜇L carrier
RNA in AVE buffer (QIAGEN Catalog number 1026956, Ger-
mantown, MD). Next, this mixture was placed in an ARIES®

cassette connected to Ready Mix® tubes containing 5 𝜇L of
primer/probe set for SARS-CoV-2 real-time RT-PCR testing.

Pre-treatment of sputum, BAL, and bronchial wash specimens

Bertin tubes (Precellys Lysis Kit, Reference number KT03961-
1-006.2, Bertin Corp, Rockville, MD)were used for processing
specimens that were considered viscous. Specimen process-
ing for these specimen types was previously published for
detection of Pneumocystis jirovecii in lower respiratory tract
specimens.[5]

Briefly, 400 𝜇L of sputum, BAL, or bronchial washwere added
to the Bertin tube with 400 𝜇L of AL buffer (QIAGEN Catalog
number 19075, Germantown, MD). For thicker specimens, a
wider mouth sterile transfer pipette was used. The Bertin
tube was placed on a vortexer with an adaptor and shaken at
10,000 rpm for five minutes to liquify the sputum. After in-
cubating at room temperature for ten minutes to reduce the
foam, the tubes were centrifuged for two minutes at 14,000
rpm at room temperature. Finally, 200 𝜇L of supernatant was
added to tubes containing 5 𝜇L of carrier RNA and 40 𝜇L of
25 mg/mL Proteinase K (Sigma-Aldrich, Reference number
P2308, St. Louis, MO), followed by vortexing; then, the en-
tire volume of specimen with carrier RNA and Proteinase K
mixture was used for the real-time RT-PCR assay.

Pre-treatment of stool specimens

The protocol for pretreatment of stool specimen was the
same as for the Luminex xTAG® gastrointestinal pathogen
panel (GPP).[6] For stool specimens that were more liquid
(Bristol scores 6–7), 100 𝜇L of stool was added to 1 mL of
QIAGEN AL (lysis) buffer in a Bertin tube. For stool speci-
mens that were more solid (Bristol scores 1–5), 100–150 mg
of stool was added to 1 mL of AL buffer in a Bertin tube. The
Bertin tubes were placed on a vortexer with an adaptor, then
shaken at 10,000 rpm for five minutes to liquify the stool.
After incubating at room temperature for ten minutes to re-
duce the foam, the tubes were centrifuged for two minutes
at 14,000 rpm at room temperature. Finally, 200 𝜇L of super-
natant was added to tubes containing 5 𝜇L of carrier RNA and
40 𝜇L of 25 mg/mL Proteinase K, followed by vortexing. The
entire volume of specimen with carrier RNA and Proteinase
K was used for the real-time RT-PCR assay.
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Preparation of CSF, amniotic fluid, and breast milk specimens

These specimen types were processed in the same manner
as NP specimens. Initial testing compared cycle threshold
(Ct) values between positive NP specimens and positive con-
trol material spiked into these specimen types. The Ct values
were in the same range (data not shown).

Pre-treatment of tissue specimens (placenta, umbilical cord,
and testicular tissue)

To optimize the tissue processing protocol for the real-time
assay, Ct values were compared between positive NP spec-
imens and positive control material spiked into tissue spec-
imens. The protocol was adjusted until the Ct values were
similar between the specimen types (data not shown). For all
fresh tissue types, 40 𝜇g was placed in a Biomasher II pes-
tle/tube (Fisher Scientific catalog number 50-136-7690, Pitts-
burg, PA) with 80 𝜇L ATL buffer (QIAGEN catalog num-
ber 19076, Germantown, MD) and pulsed 30 times using the
Biomasher II pestle/pestle motor mixer (Fisher Scientific cat-
alog number NC0493674, Pittsburg, PA). If tissue was re-
ceived in fixative, such as formalin, then it was washed twice
with 1 mL sterile 0.9% saline. The pestle was removed from
pestle motor mixer and left in the tube. Pestles were then
washedwith 100 𝜇LATL buffer. Next, 40 𝜇L of 25mg/mL Pro-
teinase K was added to the tube, which was pulse-vortexed
for 5–10 seconds to thoroughlymix and briefly centrifuged to
bring the contents to the bottom of the tube before incubating
at 56 °C in a shaking bath or thermomixer (Eppendorf catalog
number 5384000020, Enfield, CT) at 600 rpm for two hours to
overnight. Cap locks were used over the top of the tubes to
prevent them from opening during incubation. Tubes were
pulse-vortexed for 5–10 seconds every 20minutes for the first
1–2 hours of incubation time.

After two hours or overnight incubation, tubeswere vortexed
and then centrifuged quickly to collect any condensation.
Two hundred (200) 𝜇L of AL buffer was added to the tubes,
whichwere vortexed and centrifuged as before and incubated
for ten minutes at 70 °C in a heat block. If any precipitate
formed, the tube was incubated at 70 °C for one minute, then
vortexed, and the specimen was placed back in the heat block
at 70 °C for ten minutes. The entire volume was transferred
to a QIAshredder column (QIAGEN catalog number 79656
Germantown, MD) and centrifuged twominutes atmaximum
speed (14,000 rpm). Eluate was transferred from the collec-
tion tube to a new 5.0 mL tube. Next, 500 𝜇L QIAGEN AL
buffer was applied to the column, which was centrifuged for
two minutes at maximum speed (14,000 rpm); the resulting
eluate was reapplied to the column, and the centrifuge step
was repeated. The two eluates for each specimen were then
pooled into the same 5.0 mL tube and pulse-vortexed. Finally,
195 𝜇L of this lysate was added to new tubes containing 5 𝜇L

of carrier RNA and quickly vortexed. The resulting total vol-
ume was then used for the SARS-CoV-2 real-time RT-PCR
assay.

LOD studies for sputum and breast milk

To determine the LOD for sputum and breast milk speci-
mens, quantitated amounts of heat-inactivated virus were
spiked into known negative sputum and breast milk speci-
mens. Sputum and breast milk specimens were tested first by
the Luminex ARIES® real-time RT-PCR assay and, if negative
for SARS-CoV-2, were used for spiking experiments. Heat-
inactivated viral culture fluid (Zeptometrix Catalog number
0810587 CFHI-0.5 mL, Buffalo, NY) at a concentration of
1.50×106 tissue culture infective dose-50% (TCID50)/mL was
tested using 10-fold serial dilutions in known negative pooled
sputum or breast milk specimens (concentrations ranging
from 1.50×104 to 1.50×10-1 TCID50). Serial dilutions of the
spiked specimen were performed using the negative sputum
supernatants as diluent. These dilutions were tested in trip-
licate, and the lowest concentration that gave positive re-
sults 100% of the time was defined as the preliminary LOD.
For sputum specimens, triplicates were all run on the same
day, but three runs were divided between different instru-
ments and different technologists. Breast milk specimens
were tested in triplicate on two different days, using different
instruments and different technologists.

Paired nasal and NP specimens for comparison study

Nasal specimens were self-collected by participants under
clinical supervision, while NP specimens were collected by
clinical staff at the UofL Division of Infectious Diseases
Travel Clinic (UofL IRB 20.0786). Briefly, anterior nares
nasal swab specimens were obtained first after explaining
the study and providing details in a standard preamble to
the participant. Consented participants were instructed to
gently insert the flocked swab inside the nostril (anterior
nares), firmly rotate the swab three times, and leave the
swab in place for 10–15 seconds. This was repeated in the
other nostril with the same swab. The NP swab specimens
were obtained using the Centers for Disease Control and Pre-
vention (CDC)–recommended collection procedure.[7] Spec-
imens were tested using the Luminex ARIES® real-time RT-
PCR assay for SARS-CoV-2 to determine the analytic sen-
sitivity of the specimen type. One hundred and forty-one
(141) paired nasal and NP swab specimens were collected un-
til reaching 20 positive NP specimens. Corresponding nasal
specimens were not tested if the NP specimen was negative.
Positive paired nasal and NP specimens were tested on the
same day.
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Table 1. Variety of specimen types tested during the COVID-19 pandemic.

Specimen type Number tested Number positive (%)

Sputum 137 27 (19.7)
Bronchoalveolar lavage 5 1 (20.0)
Bronchial wash 2 0
Nasal swab 62 7 (11.3)
Stool 14 1 (7.14)
Cerebrospinal fluid 7 0
Breast milk∗ 16 0
Amniotic fluid 2 0
Placenta 2 0
Umbilical cord 1 0
Testicular 1 0

Total 249 36 (14.5)
∗ Only specimen type with paired nasopharyngeal specimen results
for SARS-CoV-2.

Table 2. Limit of detection for sputum specimens using real-time RT-PCR SARS-CoV-2 assay.

Sample ID SARS-CoV-2 heat-inactivated TCID50/mL N1 Ct value∗ N3 Ct value∗ RNaseP Ct value∗

2 1.50×104 (15,000) 18.27±0.40 18.20±0.46 18.53±0.32
3 1.50×103 (1,500) 21.10±0.62 21.00±0.35 20.53±0.35
4 1.50×102 (150) 24.98±1.16 23.87±0.91 21.95±0.82
5 1.50×101 (15) 31.70±0.82 30.47±0.64 23.10±1.01
6 1.50×100 (1.5) 34.20±2.36 33.97±2.54 22.87±0.67
7 1.50×10-1 (0.15) 34.67±2.67 32.65±1.48† 23.90±1.61

Abbreviations: Ct, cycle threshold; TCID50, tissue culture infective dose-50%.
∗ Mean±standard deviation.
† Only detected 2 out of 3 times.

Data analysis

All data were entered into a secure Excel (Microsoft, Red-
mond, WA) spreadsheet, and basic means and standard devi-
ations were calculated for replicate data points.

Results

The UofL Infectious Diseases Laboratory received a variety
of specimen types and determined the number of specimens
that were positive by real-time RT-PCR SARS-CoV-2 assay
(Table 1). Based on these data, respiratory specimens were
the best specimen types for detecting SARS-CoV-2. Notably,
the UofL ID Laboratory received many sputum specimens
to test for the presence of SARS-CoV-2 RNA early in the
pandemic, although most did not have paired, positive NP
specimens submitted. A total of 137 sputum specimens were
tested, and 27 specimens were positive by SARS-CoV-2 assay
(Table 1). As a result, an LOD study was performed to es-

tablish that sputum was not inherently inhibitory (Table 2).
Results confirmed that sputum was not inhibitory, and the
LOD was similar to the LOD for NP specimens established
previously.[4]

The UofL ID Laboratory received breast milk specimens from
nursingmothers whowere positive for SARS-CoV-2 based on
their NP specimens (UofL IRB #20.0257 and IRB #05.0556). A
total of 15 breast milk specimens were tested, and all were
negative by SARS-CoV-2 assay (Table 1). Another LOD
study was performed to establish that breast milk was not in-
herently inhibitory (Table 3). Results confirmed that breast
milk was not inhibitory, and the LODwas similar to the LOD
established previously for NP specimens.[4]

Because NP swab collection is invasive, uncomfortable, and
requires extra personal protective equipment, a comparison
study with nasal swab specimen collection was performed.
Nasal swab collection is associated with less patient dis-
comfort and less need for personal protective equipment
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Table 3. Limit of detection for breast milk specimens using real-time RT-PCR SARS-CoV-2 assay.

Sample ID SARS-CoV-2 heat inactivated TCID50/mL N1 Ct value∗ N3 Ct value∗ RNase P Ct value∗

3 1.50×103 (1,500) 20.88 (0.95) 20.38 (0.96) 21.20 (0.85)
4 1.50×102 (150) 24.93 (2.68) 24.28 (2.64) 24.60 (2.67)
5 1.50×101 (15) 28.60 (2.49) 27.85 (2.34) 27.00 (1.59)
6 1.50×100 (1.5) 32.70 (2.49) 31.83 (1.69) 29.10 (1.13)
7 1.50×10-1 (0.15) 35.00† 34.7† 30.18 (2.63)
8 1.50×10-2 (0.015) ND ND 31.48 (5.17)

Note: All patients had positive nasopharyngeal results.
Abbreviations: Ct, cycle threshold; ND, not detected; TCID50, tissue culture infective dose-50%.
∗ Mean±standard deviation.
† Detected 1 out of 4 times.

Table 4. Comparison of paired nasopharyngeal and nasal swab specimens for gene targets N1 and N3.

ID
Nasopharyngeal Swab Results Nasal Swab Results

Agreement
N1 Ct N3 Ct RNaseP Ct Result N1 Ct N3 Ct RNaseP Ct Result

1 25.8 24.7 25.3 DETECTED 28.2 27.3 ND DETECTED Yes
2 23.9 22.8 ND DETECTED 29.9 29 ND DETECTED Yes
3 23.2 22.1 22.6 DETECTED 35 35.2 27.8 DETECTED Yes
4 35.9 34.9 30.2 DETECTED ND ND 34.2 NOT DETECTED No
5 31.1 30.1 28.3 DETECTED ND ND 33.9 NOT DETECTED No
6 31.1 30.1 28.9 DETECTED 25.5 24.1 25.2 DETECTED Yes
7 31.4 30.2 29.1 DETECTED ND ND 31.6 NOT DETECTED No
8 20.4 19.4 ND DETECTED 26.4 25.9 26.3 DETECTED Yes
9 26.8 25.7 25.9 DETECTED 32.9 32.8 32.9 DETECTED Yes
10 22.5 21.4 ND DETECTED 30.3 29.8 29.4 DETECTED Yes
11 23.4 22.1 ND DETECTED 23 22 ND DETECTED Yes
12 36.3 36.3 26.7 DETECTED ND ND 35.6 NOT DETECTED No
13 18.6 17.1 ND DETECTED 22.7 21.2 ND DETECTED Yes
14 31.7 30.6 28.1 DETECTED ND ND 36 NOT DETECTED No
15 20.3 19.4 ND DETECTED 24.7 23.4 24.8 DETECTED Yes
16 25.7 23.8 24.7 DETECTED 24.8 23.2 ND DETECTED Yes
17 25.7 24.7 25.3 DETECTED 32.2 31.3 31.5 DETECTED Yes
18 24.8 24.4 25 DETECTED 30.3 29.8 28.2 DETECTED Yes
19 32.4 31.6 30.8 DETECTED ND ND 31.4 NOT DETECTED No
20 27.2 26.1 25.8 DETECTED 27.6 26.3 26.3 DETECTED Yes

Abbreviations: Ct, cycle threshold; ND, not detected.
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by health care workers, but analytic sensitivity may be re-
duced. Thus, paired NP and nasal swab specimens from
20 SARS-CoV-2-positive participants were tested on the Lu-
minex ARIES® real-time RT-PCR assay for SARS-CoV-2. We
observed that 14 specimen results were positive for both
specimen types (Table 4). Ten of the NP specimens out of 14
had lower cycle threshold (Ct) values than the nasal swabs,
suggesting a higher viral RNA concentration. Only one nasal
swab specimen had a lower Ct value than the corresponding
NP swab specimen, while three patients had the same Ct val-
ues for both specimen types. The remaining six patients had
discrepancies in the results. The NP specimens were all pos-
itive for these patients, while the nasal specimens were neg-
ative for SARS-CoV-2. These NP specimens had higher Ct
values, close to the established LOD, suggestive of lower vi-
ral RNA concentrations. The corresponding nasal specimens
either did not have enough viral RNA at the time of speci-
men collection, or the amount of viral RNA was below the
detection range in the real-time RT-PCR assay.

Discussion

The primary aim of this study was to determine whether
SARS-CoV-2 RNA could be detected in a variety of respi-
ratory specimen types and other non-traditional specimen
types. Of 249 non-NP clinical specimens, we detected SARS-
CoV-2 RNA in 36 (14.5%), with the highest percentage of de-
tection in sputum and BAL specimens, consistent with other
studies.[1, 8, 9] In addition, since the real-time RT-PCR assay
used in this study included an internal control, we demon-
strated that the various specimen types tested in this study
were not inherently inhibitory because human RNase P was
detected for each test specimen with a negative SARS-CoV-2
result.

The UofL Infectious Diseases Laboratory originally validated
a real-time RT-PCR assay for SARS-CoV-2withNP specimens
in March 2020.[10] Additional LOD studies were performed
for sputum and breast milk in this study using the same real-
time RT-PCR assay as well as the same heat-inactivated con-
trol material on the Luminex ARIES® platform, identically to
NP swabs. The LOD was 1.5 TCID50/mL for NP swabs, spu-
tum, and breast milk specimens. Regarding the 15 breast milk
specimens tested using this SARS-CoV-2 real-time RT-PCR
assay, there was no evidence of viral RNA present, suggest-
ing that the risk of transmission by breastfeeding is minimal.
This finding is supported by other published studies [11–13],
yet some studies found SARS-CoV-2 in breast milk.[14, 15]
Comparison of paired nasal and NP specimens confirmed
that NP was a better specimen type for detecting SARS-CoV-
2, also consistent with other studies [16]; however, during
times when there is a limited supply of personal protective
equipment for specimen collectors, nasal swabs may be ac-

ceptable substitutes.[16]

Strengths of this study include the use of a sensitive and spe-
cific real-time RT-PCR assay (approved as a diagnostic test
under FDA EUA) to test NP specimen types in a sample-to-
answer, closed system for research purposes. Comparison
of real-time PCR tests can be challenging due to different
reporting units, but these results demonstrated similar ana-
lytical sensitivity among various specimen types using the
real-time RT-PCR assay described here. Because no FDA-
authorized tests existed for non-traditional specimen types,
these test results increased knowledge and provided physi-
cians and hospital epidemiologists with additional informa-
tion regarding unusual presentations of COVID-19.

The primary limitation of the study was that not all spec-
imens submitted for research testing had a positive, paired
NP specimen. In addition, small sample numbers for many
of the non-traditional specimens, especially those related to
pregnancy, such as breast milk, placenta, and amniotic fluid,
were limiting factors. Due to the small sample numbers, no
conclusions could be drawn about the likelihood of finding
SARS-CoV-2 RNA in specimen types other than NP or spu-
tum specimens. The timing of collectionwas beyond the con-
trol of the laboratory, so delays in collection after symptom
onset may have affected the ability of the real-time RT-PCR
assay to detect SARS-CoV-2 RNA in various specimen types.
Finally, detection of SARS-CoV-2 RNA does not indicate the
infectivity or viability of the virus.

Based on the data presented here, the laboratory will pur-
sue complete validation studies on non-traditional specimen
types, such as sputum and perhaps BAL specimens, to meet
CLIA requirements for a diagnostic molecular test for SARS-
CoV-2 pneumonia.
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