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ABSTRACT

Purpose: Real-time polymerase chain reaction (RT-PCR) detection of severe acute respiratory syndrome coronavirus (SARS-CoV-2) is required for diagnosis of
coronavirus disease 2019 (COVID-19). Sensitivity of RT-PCR nasopharyngeal (NP) testing is presumed to be high, but there is no gold standard against which this has
been determined. The objective was to determine whether lower respiratory tract infection (LRTI), detected in bronchoalveolar lavage fluid (BALF), occurs in the
absence of upper respiratory tract infection with clinical testing of both specimen types.

Methods: Between March 26, 2020 and April 17, 2020 at the University of Washington Medical Center all patients with BALF specimens clinically tested for SARS-
CoV-2 were identified. We assessed the proportion of patients with positive RT-PCR for SARS-CoV-2 in BALF after negative NP testing. We describe 3 cases with
positive testing in BALF.

Results: Among 16 patients with BALF samples, 3 cases (19%) had SARS-CoV-2 detected in BALF. In Case 1, negative NP testing occurred early in the infection and
respiratory symptoms may have been missed due to neurologic injury. In Case 2, outpatient diagnosis was aspiration pneumonia, but clinical suspicion remained high
for COVID-19 at hospitalization based on epidemiological and clinical features. All 3 cases involved older adults (age >65 years), one of whom was immunosup-
pressed in the setting of lung transplantation (Case 3).

Conclusions: These data demonstrate that SARS-CoV-2 LRTI occurs in the presence of negative NP testing. NP testing may underestimate the prevalence of COVID-19
and has implications for spread of SARS-CoV2 in the community and healthcare setting.

1. Introduction often used to “rule out” SARS-CoV-2 disease and infectivity, rates of

discordance between URT and LRT samples are unknown and can only

Diagnosis of coronavirus disease 2019 (COVID-19) relies on RT-PCR
detection of severe acute respiratory syndrome coronavirus (SARS-CoV-
2) [1-3]. Test sensitivity is presumed to be high, but prior studies
demonstrated variability of SARS-CoV-2 detection depending on stage of
illness [4] or sample source among patients with confirmed disease [5].
Upper respiratory tract (URT) infection (URTI) is the presumed primary
source for viral transmission, preferred specimen type for testing, and
basis for determining infection precautions [6-8]. Whether lower res-
piratory tract (LRT) infection (LRTI) occurs in the absence of detectable
URTI is uncertain because of limited data on simultaneous testing of
both specimen types [5]. While negative nasopharyngeal (NP) testing is

be assessed by testing specimens concurrently.

This study aimed to determine whether LRTI, detected in bron-
choalveolar lavage fluid (BALF), occurs in the absence of URTI with
clinical testing of both specimen types.

2. Methods

University of Washington (UW) protocol during the study period
(COVID-19 pandemic) limited bronchoscopy to urgent cases and was
avoided in patients with positive SARS-CoV-2 NP testing. Testing was
performed on 200pL of BALF using our Washington State emergency use
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Testing for SARS-CoV-2 by RT-PCR
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Fig. 1. Timeline for negative nasopharyngeal (NP) testing prior to positive bronchoalveolar lavage (BAL) fluid RT-PCR testing for SARS-CoV-2.

Y

Fig. 2. Case 1: CT Chest imaging shows (A) faint patchy upper lobe ground glass opacities, (B) bibasilar ground glass opacities and patchy consolidation.

authorization (EUA), CDC- developed test incorporating the N1/N2
primer sets and an internal control transcript spiked into every specimen
[1]. SARS-CoV-2 detection is defined at a cycle threshold (Ct) < 40 and
“positive” if both N1 and N2 targets, “low-positive” if 1 out of 2 targets,
and “negative” if O targets are identified [1]. Clinical records were
reviewed for patients who underwent BALF testing for SARS-CoV-2. The
UW IRB approved this study (#00009734).

3. Results

Between March 26 - April 17, 2020, 16 patients underwent bron-
choscopy after negative NP testing for SARS-CoV-2. Outside hospitals
submitted 5 (31%) of samples tested at UW. Mean age was 59 years (SD
14 years), 8 (50%) were male. Three cases (19%) of COVID-19 were
identified. Among 11 UW patients, all had at least one negative NP test
within 4 days of bronchoscopy and 55% had >1 negative NP test within
24 hours of bronchoscopy. Of patients with positive BALF, two (67%)

had two negative NP tests prior to bronchoscopy (Fig. 1).
3.1. Case 1

A 67-year-old man was admitted with intracerebral hemorrhage and
fever from a nursing facility where residents had tested positive for
COVID-19. SARS-CoV-2 NP testing was negative and chest radiograph
unremarkable on hospital day (HD) 1. Droplet precautions were dis-
continued. On HD 4, he was persistently febrile and diagnosed with
Klebsiella ventilator-associated pneumonia by bronchoscopy, not per-
formed under Airborne Infection Isolation Room (AIIR) precautions.
SARS-CoV-2 testing was not repeated due to previously negative result
and presumptive alternate explanation for fever. He developed
increasing oxygen and pressor requirements on HD 6. Chest CT showed
bilateral ground glass opacities (Fig. 2). Repeat NP testing was SARS-
CoV-2 positive. He developed progressive lung injury, shock, cerebral
herniation, then brain death. Retrospective testing of BALF from HD 4
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was positive for SARS-CoV-2 with Ct of 11 for N1 and 12 for N2, indi-
cating high viral load.

3.2. Case 2

An 81-year-old woman with Alzheimer’s Dementia was admitted
from a nursing facility with pneumonia. NP testing for SARS-CoV-2 was
negative 4 days earlier. She underwent outpatient treatment for pre-
sumed aspiration pneumonia. In the ED, she was hypoxemic, encepha-
lopathic and was intubated; chest radiograph revealed patchy opacities.
Repeat NP testing was negative, but ongoing concern for COVID-19
prompted bronchoscopy under AIIR precautions. BALF returned low-
positive for SARS-CoV-2 with Ct 37.1 for N1 and undetectable for N2,
indicating low viral load. BALF bacterial cultures were negative. On HD
6, she died from respiratory failure.

3.3. Case 3

A 68-year-old man 3 years post bilateral lung transplantation with
recent episodes of acute cellular rejection presented in mid-April 2020
with declining home spirometry over 6-8 weeks. He denied fever,
cough, or sick contacts, and had self-quarantined since early March to
avoid exposure to SARS-CoV-2. Chest CT revealed apical consolidations.
Bronchoscopy was performed to evaluate for persistent acute rejection.
NP testing for SARS-CoV-2 two days prior and the morning of bron-
choscopy were negative. BALF returned low-positive for SARS-CoV-2
with Ct of undetected for N1 and 39.8 for N2, indicating a viral load
near the lower limit of detection. Transbronchial biopsies for rejection,
BALF for other infections, and testing for donor specific antibodies were
negative.

4. Discussion

These data highlight the need to consider SARS-CoV-2 infection
despite negative NP testing and limitations in current testing algorithms
that rely solely on URT PCR testing to guide infection precautions in the
COVID-19 era. PCR detection of SARS-CoV-2 is considered the “gold
standard” for the case definition of COVID-19 regardless of symptoms
[2]. However, as these cases demonstrate, LRT samples may yield pos-
itive results when NP samples are negative. Negative NP testing may
occur during a pre-symptomatic/early stage, while symptomatic with
LRTIL or following infection. Older adults, those with underlying lung
disease, and immunocompromised patients may represent particularly
important groups in whom to maintain suspicion for SARS-CoV-2 LRTI
despite negative URT testing. Discordance between PCR-based testing
for common viruses from URT and LRT specimens has been recognized,
particularly in immunosuppressed populations [9].

Many institutions require NP testing for SARS-CoV-2 prior to aerosol-
generating procedures and consider COVID-19 “ruled out” after negative
NP testing. This approach presumes LRTI is unlikely enough in persons
with negative NP swabs that contact/droplet precautions are adequate.
Our study provides evidence for the use of AIIR precautions, despite
negative NP testing, for symptomatic patients (e.g. any concern for LRTI,
decreased spirometry, pulmonary symptoms) undergoing bronchoscopy
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in areas with community spread of COVID-19 [10]. The widely diver-
gent viral loads in these cases illustrate the heterogeneous nature of
SARS-CoV-2 LRTI. Access to BALF SARS-CoV-2 testing is not universal,
but testing is crucial to understanding diagnosis of LRTL

5. Conclusions

NP testing for SARS-CoV-2 is the most widely used specimen for
diagnosis, but false negative testing may underestimate the true preva-
lence of COVID-19. We identified SARS-CoV-2 LRTI in individuals with
negative NP testing, which has implications for unintended healthcare
worker exposure and spread of COVID-19 in the community.
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