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o date, severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), also known as 2019 novel corona-
virus, has infected millions of patients and claimed over
200,000 lives globally, and these numbers continue to
grow rapidly (1). The utility of thoracic CT for diagnos-
ing pneumonia associated with coronavirus disease 2019
(COVID-19), the disease caused by SARS-CoV-2, has
been a focus worldwide with ample literature originating
in particular from experts in China, the United States,
and Europe, where specific CT patterns have been rec-
ognized in affected patients (2-12). Nonetheless, lead-
ing radiologic societies have discouraged the use of CT
as a screening tool (5,6,13) with reverse-transcription
polymerase chain reaction (RT-PCR) testing considered
to be the reference standard for COVID-19 diagnostic
screening (14-16). Rather, these societies recommend
CT use be reserved for management of patients with
COVID-19 with worsening and/or severe respiratory
symptoms, in particular for those in a hospital setting
or those having special indications for CT (6,13). These
recommendations, coupled with additional concerns
regarding CT, including risks associated with patient
transport and scanner decontamination, have undoubt-
edly led to fewer CT examinations for persons under

investigation for COVID-19 (13,17). Conversely, chest
radiography has been widely used in these patients who
usually present with respiratory symptoms (18); yet,
much less has been written about chest radiography
with respect to COVID-19. We have observed a chest
radiographic pattern in patients during the exponential
growth phase of the COVID-19 outbreak in New Or-
leans (19) which is in accordance with the most com-
monly recognized CT features of COVID-19 in recent
literature (2,7,9,10,12,20-27). These observations may
be useful for patient triage or may assist in discharge and
quarantine planning in which rapid and highly sensitive
and specific testing is lacking.

Materials and Methods
Our institutional review board approved this study
(IRB# 20-838) and deemed it to be compliant with the
Health Insurance Portability and Accountability Act.
We performed a retrospective database query within our
institution’s electronic medical record system for all pa-
tients who had undergone COVID-19 RT-PCR testing
utilizing the United States Centers for Disease Control
and Prevention (CDC) assay between March 13 and
March 26, 2020. These dates represent the period of
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Abbreviations

CDC = Centers for Disease Control and Prevention, COVID-19
= coronavirus disease 2019, NPV = negative predictive value,

PPV = positive predictive value, RT-PCR = reverse-transcription
polymerase chain reaction, SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2

Summary

A characteristic chest radiographic appearance with high specificity
and positive predictive value for COVID-19 infection in the setting
of pandemic spread is described.

Key Point

m A characteristic chest radiographic appearance as defined in this
article is highly specific (96.6%) and has a high positive predictive
value (83.8%) for severe acute respiratory syndrome coronavirus 2
infection in the setting of a pandemic.

upswing and exponential growth of COVID-19 incidence
in New Orleans. The query returned 383 RT-PCR tests per-
formed in 373 patients, with 10 patients with repeat RT-PCR
and chest radiography (which were treated as unique entries
for the purpose of data analysis). Six cases were excluded for
lack of a corresponding chest radiography and one case was
excluded for an inconclusive RT-PCR result, with a final total
of 376 coincident chest radiographic examinations and PCR
tests evaluated for 366 individual patients. Therefore, our case
count represented 366 chest radiographic examinations and
PCR tests acquired on presentation at our institution (one set
of tests for each of the patients in our study) plus 10 sets of
chest radiography/PCR for patients counted above but who
also underwent repeat tests later in their hospital course. Sex,
age, chief complaint (Table 1), and body mass index were also
collected for the cohort.

Table 1: Clinical Reason for Examination, by Chest Radiographic Data Interpretation
Pattern Two board-certified radiologists with greater than
o ] ] 10 years' experience interpreting chest radiographs,
Symptom Characteristic  Nonspecific  Negative blinded to RT-PCR results, independently assessed
Shortness of breath 37.8 (14) 31.6 (68) 15.3 (19) 376 portable anteroposterior or upright posteroan-
Fever 24.3 (9) 27.9 (60) 28.2 (35) terior chest radiographs in 366 patients (Fig 1) ob-
Flu-like symptoms 21.6 (8) 18.6 (40) 22.6 (28) tained on the day of testing or immediately prior to
Cough 18.9 (7) 17.7 (38) 21.0 (26) that date. Patients with radiographs obtained more
Other 10.8 (4) 10.7 (23) 17.7 (22) than 2 days prior to RT-PCR testing were excluded.
Chest pain 2.7 (1) 7.4 (16) 10.5 (13) Readers assigned one of three patterns: character-
Altered mental status 429 3.2 (4) istic, nonspecific, and negative (Table 2). A sub-
Body aches 5.4 (2) 4209 6.5(8) sequent consensus read was performed to address
Headache 4.2(9) 5.6 (7) discrepancies between the two readers. The charac-
Abdominal pain 5.4 (2) 3.7 (8) 3.2 (4) teristic COVID-19 pattern (Figs 2—4) was defined
Weakness 5.4(2) 3.7.(8) 3.2 (4) in accordance with the prevailingly accepted chest
COVID screening 2.7 (1) 3.3 (7) 0.8 (1) imaging findings of COVID-19 in recent literature
Hemoptysis 2.3 (5) 0.8 (1) (2,12,20,24,25,27-29), including the presence of
Loss of consciousness 2305 4.0 (5) bilateral patchy or confluent, bandlike ground-
Musculoskeletal pain 2.3 5 3.2 (4) glass opacity or consolidation in a peripheral and
Trauma 2.7 (1) 23 (5 0.8 (1) mid to lower lung zone distribution. If the chest
Diarthea 1.9 (4) 1.6 (2) radiograph showed a pleuropulmonary abnormality
Fatigue 2.7 (1) 1.9 (4) 2.4(3) other than the previously mentioned description, it
Emesis 5.4(2) 1.4 (3) 4.0 (5) was assigned to the nonspecific category. Nonspe-
Sore throat 1.4 (3) 4.0 (5) cific radiographs were grouped according to type of
Cardiac arrest 2.7 (1) 0.9 (2) abnormality (masslike, upper lung zone predomi-
Dizziness 2.7 (1) 0.9 (2) nant, diffuse, ill-defined bibasilar, focal/unilateral,
Aphasia 0.5 (1) effusion). A radiograph without any perceived
Blood infection 0.5 (1) pleuropulmonary abnormality was labeled negative
Chills 0.5 (1) (Table 3).
Influenza 0.5 (1)
Nausea 0.5 (1) 1.6 (2) Statistical Analysis
Cold symptoms 1.6 (2) Statistical analysis was performed using Microsoft
Nasal congestion 2.7 (1) 0.8 (1) Excel software (Microsoft [2018]). Chest radio-
Night sweats 0.8 (1) graph characterizations were compared with RT-
Oralgia 0.8 (1) PCR tests, considered the reference standard. Sen-
Sinusitis 0.8 (1) sitivity, specificity, positive predictive value (PPV),
Wheezing 0.8 (1) and negative predictive value (NPV) were calcu-
Note.—Data are percentages with number in parentheses. lated on consensus reads. Interreader agreement was

assessed using Cohen k coeflicient.
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383 PCR tests performed
(3/13 - 3/25)

373 PCR tests on
unique patients
367 with coincident CXR 6 without
and PCR result CXR
1 inconclusive
PCR result

Figure 1:

10 repeat PCR tests
10 with coincident CXR 0 without CXR

376 coincident PCR and CXR
studies evaluated

Methods flowchart. CXR = chest radiography, PCR = polymerase chain reaction.

COVID-19 (true positive = 31). A true
negative was a patient who had a nega-

tive RT-PCR result with either a nega-
tive or nonspecific chest radiograph.

Table 2: Chest Radiograph Characterization by Findings
Chest Radiograph
Characterization Chest Radiograph Findings
Characteristic Bilateral patchy and/or confluent, bandlike ground-glass opacity or
consolidation in a peripheral and mid to lower lung zone distribu-
tion
Nonspecific Any pleuropulmonary abnormality other than the above
Negative No perceived pleuropulmonary abnormality

A false positive therefore was a patient
considered to have a characteristic ap-
pearance on a chest radiograph but
had a negative RT-PCR result. False

negatives were patients considered to

be either nonspecific or normal in ap-

Results

Patient and Clinical Characteristics

The clinical characteristics of the 366 patients at the time of
RT-PCR testing included: 178 male (49%) and 188 female
(51%) patients, with a mean age of 52.7 years (range, 17 to 98
years). Average patient body mass index was 32.0 kg/m?* = 9.7
(standard deviation). Various clinical indications for the exami-
nations in question are listed in Table 3. Of the 376 chest ra-
diographic examinations, 37 (10%) exhibited the characteristic
COVID-19 appearance, 215 (57%) exhibited the nonspecific
appearance, and 124 (33%) were considered negative for pleu-
ropulmonary abnormality. The two readers had almost perfect
agreement (30) on evaluation of chest radiographic examina-
tions for COVID-19 (k = 0.8627), agreeing on 346 (92.02%)
total chest radiographic examinations. Of the 376 RT-PCR
tests evaluated, 200 (53%) were positive and 176 (47%) were
negative. One was inconclusive. RT-PCR tests took an average
of 2.5 days = 0.7 to provide results.

Chest Radiographic Correlation with RT-PCR

Sensitivity and specificity were calculated to be 15.5% (31/200)
and 96.6% (170/176), respectively, with 2 < .000001 as de-
termined by a McNemar x? test. PPV and NPV were 83.8%
(31/37) and 50.1% (170/339), respectively. True-positive find-
ings consisted of patients having both a characteristic chest
radiographic appearance and a positive RT-PCR result for
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pearance on chest radiograph but had a

positive RT-PCR (false negative = 169).

The achieved high specificity (96.6%)
of this study was attributed to the high number of true nega-
tives (7 = 170) and relatively few false positives (7 = 6). We at-
tributed these numbers to a very strict definition of a positive,
characteristic radiographic appearance for COVID-19. Given
this narrow classification, our study had few false positives as
well as few true positives, six and 31, respectively. As a result,
the specificity of our study should be considered in conjunc-
tion with our PPV (83.8%).

Di ion
The chest radiograph, while low in sensitivity, can be highly
suggestive of COVID-19 in patients whose radiographs exhibit
characteristic COVID-19 findings, when used in concert with
clinical factors. While not a substitute for RI-PCR or chest
CT, chest radiography could provide rapid, cost-effective diag-
nosis of COVID-19 in a subset of infected patients (estimated
at 15 out of 100 in our cohort), during the COVID-19 pan-
demic. The utility of this technique is described in the context
of known disadvantages of RT-PCR, considered the reference
standard in COVID-19 diagnosis, and chest CT, which is cur-
rently not recommended for diagnosis of COVID-19 (13).
Moreover, it is important to note that the observed specific-

ity of radiographic findings in this study was significantly in-
fluenced by the prevalence of COVID-19 in the community
and would only serve to guide management in the context of
a pandemic.
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Figure 2:
with dyspnea and fever. Chest radiographic findings include bilateral patchy and
confluent, bandlike ground-glass and consolidative opacity in a peripheral, mid to
lower lung zone distribution (arrows).

Characterisfic chest radiograph in a 63-year-old woman presenting

Variable RT-PCR sensitivities have been reported, ranging
from 30% to 91% (28,31). This may be the result of relatively
lower viral loads in individuals who are asymptomatic or ex-
perience only mild symptoms. Furthermore, tests performed
when symptoms were resolving also resulted in false negatives
(14,32,33). These low sensitivities result in false-negative tests,
potentially leading to patient discharge without appropriate
planning and creating the potential of community transmission
of disease by patients incorrectly cleared by the health care sys-
tem. Also, RT-PCR testing has been difficult to obtain, especially
in the earliest days of the COVID-19 outbreak in New Orleans.
Because of a dearth of tests and testing supplies, only patients
at the highest pretest probability were tested, while others were
diagnosed clinically. As we know now and suspected then, many
more patients were infected than tested (19). Initially, RT-PCR
assays and kits from the United States CDC were utilized. Later,
other tests with varying sensitivities and specificities became
available. In this study we relied solely on the CDC assay by way
of the nasopharyngeal swab, which was collected and processed
in accordance with CDC guidelines (34,35). Finally, RT-PCR
results can take time. Within our population, RT-PCR tests took
an average of 2.5 days to provide results. During this time, pa-
tients and health care providers had to make important decisions
relying almost solely on clinical data and interpretations of chest
radiographs. These deficiencies lead to clinical problems, includ-
ing uncertainty in decisions regarding admission (to the floor or
to an isolation room/unit) and discharge planning (routine dis-
charge home or to quarantine). Similar challenges in health care
have been reported in the United States and elsewhere (36-39).
Early in the pandemic in Wuhan, this led to some physicians re-
lying upon CT as a correlate to clinical suspicion for COVID-19
in an effort to guide decision making for quarantine efforts and
attempts to limit disease spread (39).

With CT usage in persons under investigation for COVID-19
being largely dissuaded (6,13), there is an opportunity for the
ubiquitous chest radiograph to be useful. While chest radio-
graphs of most persons under investigation are either negative or
reveal nonspecific abnormalities (Fig 5), there is a characteristic

Figure 3: Characteristic chest radiograph in a 41-year-old woman present-
ing with cough and fever. Chest radiographic findings include bilateral patchy and
confluent, bandlike ground-glass and consolidative opacity in a peripheral, mid to
lower lung zone distribution (arrows).

Figure 4: A more subtle characteristic radiograph in a 41-year-old man pre-
senting with dyspnea and chest pain. Patchy ground-glass opacities are limited o
the peripheral portions of the mid lung zones (arrows).

pattern of opacity that can aid in diagnosis. That pattern corre-
sponds to a subset of patients with the typical pattern discussed
in the joint statement on reporting by the American College of
Radiology, the Radiological Society of North America, and the
Society of Thoracic Radiology (5). The characteristic pattern,
therefore, indicates an idiosyncratic distribution of acute lung
injury and/or organizing pneumonia which is more clearly il-
lustrated with CT.

Due to the aforementioned limitations of RT-PCR and cur-
rent recommendations against routine use of CT, recognition of
the characteristic chest radiographic pattern used in conjunction
with clinical judgment may allow clinicians to diagnose CO-
VID-19. However, the main hurdle in using our approach to
the characteristic COVID-19 chest radiograph is the associated
low sensitivity. Wong et al reported a sensitivity, as it pertains to
the diagnostic ability of a baseline chest radiograph compared
with RT-PCR in detecting COVID-19, to be 69% and 91%,
respectively (28). Our calculated sensitivity was 15.3%. We
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attribute this discordance to stark differences in image evalua-
tion between our studies. The image evaluation in the work of
Wong et al (28) was based upon a scoring system for the evalu-
ation of pulmonary edema, the radiographic assessment of lung
edema (RALE) score (40). As such, readers identified areas of
lung consolidation/opacity and rendered a severity score. The
study’s baseline chest radiographic sensitivity was then calculated
based on a score of greater than “zero” which was denoted as an
absence of pulmonary opacification or consolidation, such that
any opacification/consolidation (even if singular in one lung)
was considered positive (28). In our design, a chest radiograph
was considered positive only if a characteristic pattern was seen,
necessitating the presence of bilateral opacity/consolidation in a
peripheral and mid to lower lung zone distribution. This stricter

inclusion criterion resulted in far fewer true positives and a high
number of false negatives for our study, yielding a low sensitivity
but a higher specificity. It cannot be overstated that calculated
specificity was undoubtedly shaped by the plenitude of CO-
VID-19 in our patient population at the time of this study and
therefore should be used for guidance of patient management
only in the setting of such a pandemic.

Statistical analysis of our data also revealed six false-positive
chest radiographic results. A few issues may generate false-pos-
itive results while utilizing our approach. First, false-positive
chest radiographic interpretations may be a reflection of the
variability of RT-PCR sensitivities, as discussed previously.
These RT-PCR false-negative cases should proportionally
manifest as false-positive results in our study. In fact, in two of

our six false-positive cases, at least one clini-

Table 3: Summary of Radiographic Findings cal service determined a clinical diagnosis of
COVID-19 with presumptive false-negative
Positive PCR  Negative PCR PCR results. Other scenarios might produce
Chest Radiographic Finding (200) (176) Total (376) false-positive results as well. Abundant soft
Characteristic pattern 31 6 37 tissue of the chest wall (as may be seen in obe-
Nonspecific pattern 114 101 215 sity or breast tissue) may result in inadequate
Masslike opacity 3 2 5 penetration of the x-ray beam, simulating pe-
Upper lobe predominant opacity 3 3 6 ripheral, basilar airspace opacity as the tissue
Diffuse opacity 21 19 40 lateralizes in the supine patient (41). These
Tll-defined bibasilar opacity 40 30 70 simulated pulmonary opacities may manifest
Focal, unilateral opacity 47 41 88 as false-positive radiographs. Furthermore,
Effusion(s) 0 6 6 the pattern of disease we have labeled as
Negative radiograph 55 69 124 characteristic of COVID-19 can be seen in
: - other pathologic conditions. The differential

Note.—PCR = polymerase chain reaction. di is list includ hroni . hili
iagnosis list includes chronic eosinophilic
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Figure 5: Three anteroposterior radiographs demonstrate
nonspecific findings. A, Diffuse bilateral opacities including
ground glass and bibasilar consolidation (arrows), in a more
central distribution than in the characteristic pattern. B, -
defined, bibasilar opacities (arrowheads). C, Focal, unilateral
airspace disease (arrows).
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pneumonia, nonspecific interstitial pneumonia, organizing
pneumonia, and acute lung injury, including diffuse alveolar
damage, among others (42,43). These histologic diagnoses, in
turn, may result from any number of insults, including auto-
immune disease, drug toxicity, and viruses other than SARS-
CoV-2. We do not propose, therefore, that the characteristic
pattern herein should always suggest COVID-19 positivity—
the pattern may be seen in other conditions. Nevertheless, this
pattern is quite uncommon outside of the setting of pandemic;
the corresponding author appreciated several characteristic
cases per day in late March and early April 2020 and could
only recall a few such cases in the previous 10 years of his ca-
reer. With the particulars of recall bias set aside, we believe it
is fair to say that in the setting of pandemic COVID-19, the
characteristic pattern notable on chest radiographs should be
highly suggestive of SARS CoV-2 infection, and that patient
triage and disposition should be informed by that suggestion.
At times when serologic testing is deficient in number or qual-
ity, or when result wait times are inconveniently long, chest
radiography provides a useful diagnostic tool.

Our study had limitations as discussed in detail previously.
These limitations included variability in timing between chest
radiography and RT-PCR; the broad scope of the nonspecific
category and narrow scope of the characteristic category; un-
certainty in RT-PCR sensitivity; and variability in image qual-
ity and technique. Future work would address many of these
limitations. Sensitivity and specificity of chest radiography re-
sults could be correlated with body mass index, breast tissue,
and technique, to address the potential confounder of incon-
sistent image quality. Reanalysis of chest radiographic images
utilizing either a scoring system or a four-tiered rather than a
three-tiered categorization system may offer improved sensitiv-
ity in an “intermediate” category defined between character-
istic and nonspecific. Finally, as more information regarding
the CDC RT-PCR test emerges and RT-PCR sensitivities and
specificities become better known, and as RT-PCR tests con-
tinue to improve, chest radiography results could be correlated
with newer and more sensitive RT-PCR tests which could de-
crease false-positive chest radiography results and increase true-
negative chest radiography results.

Interpretation

The presence of bilateral patchy and/or confluent, bandlike
ground-glass opacity or consolidation in a peripheral and mid
to lower lung zone distribution on a chest radiograph obtained
in the setting of pandemic COVID-19 is highly suggestive of
SARS-CoV-2 infection and should be used in conjunction
with clinical judgment to make a diagnosis, especially when
rapid and reliable serologic testing is lacking.
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