
We are in unprecedented times, and healthcare teams
may face tremendously difficult decisions related to rationing
ventilators and offering intensive care. As states and institutions
consider revising existing triage plans or formulating new
ones, decision-makers should be careful to avoid language that
excludes patients from receiving care because of an underlying
condition without carefully considering the prognosis for those
individuals. It is vitally important that crisis standards of care
factor in accurate, disease-specific prognostic information as
patients are triaged. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Kathleen J. Ramos, M.D., M.S.*
University of Washington
Seattle, Washington

Joseph M. Pilewski, M.D.
University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania

Albert Faro, M.D.
Bruce C. Marshall, M.D.
Cystic Fibrosis Foundation
Bethesda, Maryland

The following individuals are cosignatories of this letter: Laurie Snyder,
M.D., Duke University, Durham, NC; Christian Merlo, M.D., M.P.H.,
Johns Hopkins University, Baltimore, MD; Erin Lowery, M.D., M.S., Loyola
University, Chicago, IL; Jagadish Patil, M.D., University of Minnesota,
Minneapolis, MN; Josh Diamond, M.D., University of Pennsylvania,
Philadelphia, PA; Matthew Morrell, M.D., University of Pittsburgh,
Pittsburgh, PA; Erika Lease, M.D., University of Washington, Seattle, WA;
Ramsey Hachem, M.D., Washington University in St. Louis, St. Louis, MO;
Luke Benvenuto, M.D., Columbia University, New York City, NY; Isabel
Neuringer, M.D., Massachusetts General Hospital, Boston, MA;
Gundeep Dhillon, M.D., Stanford University, Palo Alto, CA; S. Samuel
Weigt, M.D., University of California Los Angeles, Los Angeles, CA; and
Steven Hays, M.D., University of California, San Francisco, San Francisco,
CA.

*Corresponding author (e-mail: ramoskj@uw.edu).

References

1. Cystic Fibrosis Foundation. Patient registry annual data report; 2018
[accessed 2020 Apr 1]. Available from: https://www.cff.org/Research/
Researcher-Resources/Patient-Registry/2018-Patient-Registry-
Annual-Data-Report.pdf.

2. Ramos KJ, Quon BS, Heltshe SL, Mayer-Hamblett N, Lease ED, Aitken
ML, et al. Heterogeneity in survival in adult patients with cystic fibrosis
with FEV1 , 30% of predicted in the United States. Chest 2017;151:
1320–1328.

3. Kapnadak SG, Dimango E, Hadjiliadis D, Hempstead SE, Tallarico E,
Pilewski JM, et al. Cystic Fibrosis Foundation consensus guidelines
for the care of individuals with advanced cystic fibrosis lung disease.
J Cyst Fibros 2020;pii:S1569-1993(20)30064-3.

4. Tennessee Department of Health. Guidance for the ethical allocation of
scarce resources during a community-wide public health emergency
as declared by the governor of Tennessee. Developed by the
Tennessee Altered Standards of Care Workgroup [accessed 2020
Apr 1]. Available from: https://int.nyt.com/data/documenthelper/6851-
tennessee-triage-guidelines/02cb4c58460e57ea9f05/optimized/
full.pdf.

5. White DB, Katz M, Luce J, Lo B, Biddison LD, Toner E, et al. Allocation of
scarce critical care resources during a public health emergency:

executive summary. University of Pittsburgh; 2020 [accessed 2020
Apr 30]. Available from: https://ccm.pitt.edu/sites/default/files/
UnivPittsburgh_ModelHospitalResourcePolicy_2020_04_15.pdf.

Copyright © 2020 by the American Thoracic Society

SARS-CoV-2 Viral Load in Clinical Samples from
Critically Ill Patients

To the Editor:

An outbreak caused by a newly identified coronavirus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first
reported in Wuhan, China, in December 2019 (1) and has since
spread across mainland China and to other countries. The clinical
spectrum of coronavirus disease (COVID-19) ranges from
asymptomatic to severe disease, and studies in China showed that 5.0%
of patients had been admitted to the ICU (2, 3). Real-time RT-PCR
assays are recommended for the diagnosis of SARS-CoV-2 infection (4).
A previous study reported SARS-CoV-2 viral loads in upper-respiratory
specimens from patients with COVID-19 (5). Here, we investigated the
viral load in specimens from multiple sites and the duration of viral
shedding in respiratory-tract samples from laboratory-confirmed
critically ill patients with COVID-19 requiring ICU admission.

Methods
We conducted a retrospective, descriptive study that included 16
consecutive critically ill patients with COVID-19 who had been
admitted to the ICU of the First Affiliated Hospital of Guangzhou
Medical University. The study was approved by the Ethics
Committee of the First Affiliated Hospital of Guangzhou Medical
University. The requirement for informed consent was waived for
the retrospective collection of data. A protocol was developed for
sample collection when the first patient was admitted to the ICU, as
follows: serial samples from the upper respiratory tract (throat and
nasal swabs) and lower respiratory tract (sputum or endotracheal
aspirate [ETA]) were collected daily during the first week after
admission and every 2–3 days after the first week, until two
sequential negative results were obtained or the patient was
discharged from the ICU. Plasma, serum, conjunctival swabs, and
urine samples were also collected in the first week after ICU
admission. Fifteen patients tested negative in these samples, and in
the remaining patient, sample collection was discontinued when
two sequential negative results were obtained. Fecal samples were
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collected when available, and if unavailable, anal swabs were
collected instead. Gastric fluid samples were collected only in
patients with an indwelling gastric tube. Most sampling was done
according to the designed protocol (see the online supplement).
Swab samples were immediately placed into sterile tubes containing
3 ml of viral transport medium. The specimens were sent to the
virology laboratory of our hospital for sample processing and viral
RNA extraction. We used 0.25 ml of liquid samples (viral transport
medium or directly from biological specimens) for RNA extraction.
Viral RNA of SARS-CoV-2 was detected according to the
recommendations of the Chinese Center for Disease Control and
Prevention (6). Two target genes, ORF1ab (open reading frame
1ab) and N (nucleocapsid protein), were simultaneously amplified
and tested using a real-time RT-PCR assay. The viral load was
indicated as the cycle threshold (Ct) value of the N gene of SARS-
CoV-2. Positive and negative controls were included in the assay
according to the manufacturer’s protocol. A Ct value of ,40 was
defined as positive for SARS-CoV-2 RNA, and .40 was defined as
negative. Samples with a Ct value between 37 and 40 were retested
at least twice. The Ct values of all samples collected and tested are
shown in the online supplement.

Results
A total of 16 patients (13 men and 3 women; median age, 59.5 yr;
range, 26–79 yr) who were admitted to our ICU from January 26
through February 25, 2020, were included in this study. Twelve
patients were imported cases who had recently returned from
Hubei Province, and four had been exposed to patients with
confirmed SARS-CoV-2 infection. Most patients (75%) had at least
one preexisting chronic condition. All of the patients showed
evidence of pneumonia in chest radiographs, and 15 patients were
diagnosed with acute respiratory distress syndrome (ARDS) (eight
with moderate ARDS and seven with severe ARDS) upon
admission. Four patients (25%) were supported with noninvasive
positive-pressure ventilation, and 12 (75%) were supported with
invasive mechanical ventilation. Extracorporeal membrane
oxygenation was applied in five patients (31%) (Table 1). As of
March 20, nine patients had been discharged from the ICU and all
16 patients were alive.

The median number of days from the onset of symptoms to ICU
admission was 12.0 days (quartile 1–quartile 3: 9.0–16.5). During the
ICU stay, nasal swab samples from 13 patients (81%) and throat
swab samples from 10 patients (63%) tested positive for SARS-CoV-
2, but lower-respiratory specimens (sputum or ETA) were positive in
all 16 patients (100%). Viral RNA was also detected in urine (1
patient), conjunctival swab (1 of 15 patients; 1 patient refused to
provide a conjunctival swab), and gastric fluid (6 of 13 patients).
SARS-CoV-2 viral RNA was also detected in fecal samples from 11
patients (69%) and anal swabs (4 patients). In one patient, viral RNA
was present in all types of specimens taken, suggesting that infection
in this patient may have been systemic (Table 1).

We analyzed the viral load and duration of virus shedding in
nasal and throat swabs and lower-respiratory specimens in relation to
the day of symptom onset (Figure 1A). Surprisingly, 11 patients (69%)
showed prolonged viral shedding in lower-respiratory specimens,
beyond 28 days after the onset of symptoms. As of March 20, the
longest observed period of viral shedding in lower-respiratory-tract
specimens was 55 days (patient #4; online supplement). In addition,
lower-respiratory-tract specimens (sputum or ETA) had significantly

higher SARS-CoV-2 viral RNA levels (inversely related to the Ct
value) than nasal and throat swab specimens (Figure 1B). Our results
indicated that samples from the lower respiratory tract had the highest
viral load but slowest resolution of viral shedding in comparison with
throat and nasal swab samples.

Discussion
It is generally believed that the lung is the major target organ of
SARS-CoV-2; however, we detected viral RNA in numerous
different clinical samples, including conjunctival swabs, blood
samples, gastric juices, feces, anal swabs, and urine from critically ill

Table 1. Baseline and Clinical Characteristics, Main Interventions,
and Detection of SARS-CoV-2 in Specimens from Patients with
SARS-CoV-2 Infection Admitted to the ICU

Variables
All Patients

(N=16)

Age, yr, median (range) 59.5 (26–79)
Male sex, n (%) 13 (81%)
Body mass index, kg/m2, median (Q1–Q3) 24.1 (22.0–27.5)
Chronic conditions, n (%) 12 (75%)
Diabetes 6 (37%)
Chronic cardiac disease 10 (63%)
Chronic pulmonary disease 5 (31%)
Chronic neurologic disease 2 (13%)
Any malignancy 1 (6%)
Liver disease 2 (13%)

Smoker (including ex-smoker),
n (%)

9 (56%)

Exposure, n (%)
Exposure to Hubei 12 (75%)
Exposure to confirmed patients 4 (25%)

Days from onset of symptoms to ICU
admission, median (Q1–Q3)

12.0 (9.0–16.5)

Ratio of PaO2
to FIO2

on Day 1, mm Hg,
mean6SD

120.7660.8

APACHE II score on Day 1, mean6SD 16.467.8
SOFA score on Day 1, mean6SD 6.963.8
ARDS, n (%) 15 (94%)
Mild ARDS 0
Moderate ARDS 8 (50%)
Severe ARDS 7 (44%)

Mechanical ventilation during ICU stay, n (%)
Noninvasive 4 (25%)
Invasive 12 (75%)

Extracorporeal membrane oxygenation during
ICU stay, n (%)

5 (31%)

Positive for SARS-CoV-2 during ICU stay,
n/patients tested

Nasal swab 13/16
Throat swab 10/16
Sputum/ETA 16/16
Conjunctival swab 1/15
Blood 1/16
Urine 1/16
Gastric fluid 6/13
Feces 11/16
Anal swab 4/15

Definition of abbreviations: APACHE II = Acute Physiology and Chronic
Health Evaluation II; ARDS=acute respiratory distress syndrome;
ETA=endotracheal aspirate; Q1=quartile 1; Q3=quartile 3; SARS-
CoV-2= severe acute respiratory syndrome coronavirus 2;
SOFA=Sequential Organ Failure Assessment.
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patients. Wang and colleagues tested 1,070 specimens collected from
205 patients with COVID-19 and found that the virus could be detected
in different types of clinical specimens, including respiratory-tract
samples, feces, and blood (7). However, the detection of viral RNA
does not always equate with the presence of infectious virus, and viral
RNA shedding of SARS-CoV-2 does not equate with infectivity. Our
colleagues (Sun and colleagues, manuscript under review) had
previously succeeded in isolating infectious virus from a urine sample
from one of our patients. This suggests that the SARS-CoV-2 virus can
replicate in extrapulmonary sites, as has been observed in some
patients with severe viral pneumonia, such as that caused by the highly
pathogenic avian influenza (8). However, the role of SARS-
CoV-2 transmission via extrarespiratory routes (e.g., fecal–oral
transmission) in the spread of COVID-19 must be further
investigated. Our findings are in accord with reports showing that
ACE2 (angiotensin converting enzyme II), the putative cell entry
receptor of SARS-CoV-2, is widely expressed in a variety of epithelial
cells in multiple organs (9). It is still unclear whether replication of
SARS-CoV-2 in extrapulmonary organs contributes to organ injury
and dysfunction, considering that secondary organ injury owing to
hypoxia, tissue hypoperfusion, and inflammation is common in
critically ill patients.

Zou and colleagues found that SARS-CoV-2 viral RNA could be
weakly detected in nasal and throat swabs after 14 days from symptom
onset (5). Pan and colleagues reported viral loads from different types
of clinical specimens collected from 82 infected individuals within a
maximum of 15 days after symptom onset (10). Zhou and colleagues
found that the median duration of viral shedding in throat swabs was
20.0 days in COVID-19 survivors (11). Here, we found that SARS-
CoV-2 viral RNA could be detected in sputum or ETA beyond 28
days from symptom onset in 11 patients (69%), as well as in
extrapulmonary samples from these critically ill patients. These
findings have important implications for assessing transmission risk
and protecting ICU staff, and highlight the importance of effective
antiviral treatment for critically ill patients with COVID-19.

This study is limited by the small number of critically ill
patients and the lack of nonsurvivor data (there were no deaths in
our ICU during the study period). In addition, we were not able
to sample consistently according to the designed protocol, and
sampling was discontinued after patients were discharged to the
hospital’s isolation ward. Longitudinal studies in a larger cohort
would enhance our understanding of viral load and shedding in
patients with COVID-19.

In conclusion, critically ill patients infected with SARS-CoV-2
demonstrated higher viral loads and prolonged shedding in lower-
respiratory-tract specimens than in upper-respiratory-tract
specimens. Sampling from the lower respiratory tract may
be required to assess the true viral clearance in such
patients. n
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Figure 1. Viral load detected in respiratory specimens obtained from critically ill patients infected with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). (A) Aggregated cycle threshold (Ct) values of the nucleocapsid protein gene of SARS-CoV-2 in serial throat swabs, nasal swabs, and
sputum/endotracheal aspirate (ETA) samples from 16 patients, according to days after symptom onset. (B) Box plot of the lowest Ct values in throat
swabs, nasal swabs, and sputum/ETA samples during the entire ICU stay among patients with coronavirus disease (COVID-19). Box-and-whiskers plot
features are as follows: the central line in the box is the median, the bottom line of the box is the first quartile, and the top line of the box is the third quartile.
Bottom of whiskers: maximum Ct value; top of whiskers: minimum Ct value. Groups were compared using the Kruskal-Wallis test with Dunn’s multiple
comparison test. *P,0.01.
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Whole-Gene Sequencing of CFTR Reveals a High
Prevalence of the Intronic Variant c.3874-4522A>G
in Cystic Fibrosis

To the Editor:

With the advent of whole-genome sequencing, the interpretation of
DNA variants in noncoding genomic regions has increased in
relevance. This study highlights the importance of intronic variants
in the CFTR (cystic fibrosis transmembrane conductance regulator)
gene, which is responsible for cystic fibrosis (CF) (1). We report the
high prevalence of a recently discovered intronic variant, c.3874-

4522A.G, in patients with significant disease and propose its
inclusion in future targeted diagnostic gene panels.

Genetic testing of CFTR is one of the most frequently performed
genetic analyses worldwide and is used to establish a diagnosis of CF in
symptomatic individuals, to determine carrier status in the general
population, as part of newborn screening, and for CFTR modulator
therapy (2). CF is primarily a clinical diagnosis, based on consensus
clinical and laboratory criteria (sweat chloride >60 mEq/L and/or
two CF-causing mutations [in trans]), and/or abnormal values of
electrophysiological measurements (i.e., nasal potential difference or
intestinal current measurements). More than 2,000 sequence variations
have been described in the CFTR gene, often with geographic or ethnic
variations in frequency (www.genet.sickkids.on.ca/cftr/). To date, only
312 of these have been curated as CF-causing in the CFTR2 database
(3) (https://www.cftr2.org/).

There are principally two methods that are used for CFTR testing
in symptomatic individuals: targeted screening for specific known
variants and full CFTR sequencing. Targeted mutation analysis
(TMA) is usually performed using one of many commercially
available kits, focusing on 30–50 pathogenic variants. The most
common pathogenic CFTR variant is F508del, which is present on
z66% of CF alleles worldwide (4); however, there is extensive
heterogeneity in the remaining CF alleles. European Society of Human
Genetics guidelines (5) recommend testing for all CF-causing
mutations with a frequency of .1% in the local population. If TMA
detects only a single heterozygous pathogenic variant (or none) in a
patient with a high index of suspicion, it is usually followed by
sequencing of the entire CFTR coding region and possibly flanking
intronic sequences, and multiplex ligation-dependent probe
amplification for copy number variants. Current methods detect CF
alleles in z85–95% of white European individuals with CF (3).

Undetected CFTR mutations may lie within introns or regulatory
regions, which are not routinely analyzed. Three pathogenic intronic
variants are known: c.3718-2477C.T (3849110kbC.T; intron 22),
c.1680-886A.G (181111.6kbA.G; intron 12), and c.870-1113-870-
1110delGAAT (intron 7). They all activate cryptic splice sites, resulting
in the inclusion of cryptic exons in the CFTR transcript. Using next-
generation sequencing (NGS) of the whole CFTR gene, other
investigators and we have identified a common intronic variant that
may account for many incomplete CF genetic diagnoses (6–8).

Using NGS of the whole CFTR gene, we performed a molecular
genetic diagnosis of CF in 74 patients in whom a previous TMA
had not revealed two pathogenic variants; 21 patients were
heterozygous for a single pathogenic CFTR variant. In 57 patients
(40 adults and 17 children) the suspicion for CF was high (owing to
a clinical phenotype and/or a sweat chloride of >30 mmol/L) and
in 17 patients (8 adults) the suspicion was low (atypical phenotype
and/or sweat chloride of ,30 mmol/L), but the cause of
bronchiectasis had not yet been elucidated. Single-nucleotide and
copy number variants were called, filtered, and classified according
to American College of Medical Genetics and Genomics guidelines
(9), using an in-house bioinformatics pipeline and interrogation of
the gnomAD genome browser (http://gnomad.broadinstitute.org),
Human Gene Mutation (HGMD, http://www.hgmd.cf.ac.uk/ac/
index.php), ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/),
Pubmed (https://www.ncbi.nlm.nih.gov/pubmed/), and CFTR2
(https://www.cftr2.org/) databases.

Twenty (27%) of the 74 patients (all with a high clinical
suspicion of CF) were found to have two pathogenic CFTR variants,
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