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Background. Radiological and pathological studies in
severe COVID-19 pneumonia (SARS-CoV-2) have
demonstrated extensive pulmonary immunovascu-
lar thrombosis and infarction. This study investi-
gated whether these focal changes may present
with chest pain mimicking pulmonary emoblism
(PE) in ambulant patients.

Methods. CTPAs from outpatients presenting with
chest pain to Leeds Teaching Hospital NHS Trust
1st March to 31 May 2020 (n = 146) and 2019
(n = 85) were compared. Regions of focal ground
glass opacity (GGO), consolidation and/or atelecta-
sis (parenchymal changes) were determined, and all
scans were scored using British Society for Thoracic
Imaging (BSTI) criteria for COVID-19, and the 2020
cohort was offered SARS-CoV-2 antibody testing.

Results. Baseline demographic and clinical data were
similar between groups with absence of fever,
normal lymphocytes and marginally elevated CRP
and D-Dimer values. Evidence of COVID-19 or
parenchymal changes was observed in 32.9% (48/
146) of cases in 2020 compared to 16.5% (14/85)
in 2019 (P = 0.007). 11/146 (7.5%) patients met
BSTI criteria for COVID-19 in 2020 compared with
0/14 in 2019 (P = 0.008). 3/39 patients tested had
detectable COVID-19 antibodies (2 with parenchy-
mal changes and 1 with normal parenchyma)
however 0/6 patients whose CTPA met BSTI crite-
ria “likely/suspicious for COVID-19” and attended
antibody testing were SARS-CoV-2 antibody posi-
tive.

Conclusions. 32.8% ambulatory patients with sus-
pected PE in 2020 had parenchymal changes with
7.5% diagnosed as COVID-19 infection by imaging
criteria, despite the absence of other COVID-19
symptoms. These findings suggest that localized
COVID-19 pneumonitis with immunothrombosis
occurs distal to the bronchiolar arteriolar circula-
tion, causing pleural irritation and chest pain
without viraemia, accounting for the lack of fever
and systemic symptoms.

Keywords: noncardiac chest pain, thromboembolism,
radiology, infectious disease.

Introduction

In December 2019, the first cases of a novel
human coronavirus (COVID-19/ SARS-CoV-2)
emerged in the Wuhan province of China. Since
then, COVID-19 infection spread globally, with
over 33 000 000 infections and over 1 000 000
deaths to date [1]. Typically, the most severe cases

of COVID-19 present with a diffuse pneumonia
characterized radiologically by bilateral ground
glass opacities (GGOs) with predilection for the
lung periphery and associated areas of consolida-
tion and atelectasis [2]. Such cases are associated
with a burden of thrombosis hitherto unheard of
in the context of other viral pneumoniae, with
immunovascular thrombosis/pulmonary emboli
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(PE) seen in approximately one-third of hospital-
ized patients, and a still greater incidence in those
admitted to intensive care [3–5]. Postmortem
studies of patients succumbing to severe COVID-
19 pneumonia have shown very extensive in situ
thrombosis of the pulmonary capillary networks
and adjacent pulmonary vasculature with associ-
ated extensive pulmonary infarction [6]. Also, a
high frequency of PE or in situ thrombosis has
been demonstrated in severe COVID-19 pneumo-
nia cases as assessed by CT pulmonary angio-
gram (CTPA) [6–8].

COVID-19 pneumonia can be completely asymp-
tomatic or may present with severe shortness of
breath, hypoxaemia and bronchopneumonia [2].
Other viral pneumonias, including those caused
by other coronavirus infections, such as severe
acute respiratory syndrome and Middle-Eastern
respiratory virus sometimes present with pleuritic
chest pain [9]. A recent systematic review of the
diagnosis and management of COVID-19 did not
recognize chest pain as a symptom of COVID-19
[2]. However, much of the existing research on
COVID-19 focuses on more severe cases of dis-
ease, and less is known about the clinical mani-
festations of milder disease presentations, which
may not present with the classical triad of dry
cough, fever and loss of taste. Also, diagnostic
testing including throat swabbing and antibody
testing are less likely to be positive in subjects
with milder disease [10,11].

Given the strong link with immunothrombosis and
the peripheral distribution of lung parenchymal
changes associated with COVID-19, we hypothe-
sized that a proportion of mild COVID-19 cases
may present with chest pain secondary to localized
pulmonary infarction and subsequent irritation of
the adjacent lung pleura. Due to the focal nature
of the infection, these patients would not neces-
sarily present with classical COVID-19 symptoms
of breathlessness, dry cough, fever and loss of
taste; instead, they may present to the emergency
department with pleuritic-type chest pain. Our
aims were therefore to investigate outpatients
presenting with suspected PE symptoms, but
where PE was not confirmed by CTPA during a
three month period in 2020 at the peak of the first
wave of the pandemic in the UK and also over the
corresponding timeframe in 2019. The clinical and
radiological features of these cases and later
SARS-CoV-2 antibody serology in those who were
tested are reviewed.

Materials and methods

This was an approved retrospective audit of service
delivery at our institution, and formal ethical
approval was not required. Electronic records of
outpatients attending Leeds Teaching Hospitals
(LTH) NHS Trust from 1 March to 31 May 2020
(corresponding to the first peak of the COVID-19
pandemic in our region) were reviewed. Records of
patients presenting over the same time period in
2019 (prepandemic) were used as a comparator.
Inclusion criteria were clinically stable patients
presenting with chest pain who underwent a CTPA
on the basis that PE was the likely primary
diagnosis. Exclusion criteria were haemodynami-
cally unstable patients, patient requiring supple-
mentary oxygen, those requiring admission due to
the severity of their illness and those with a known
diagnosis of COVID-19.

Patients were first divided into PE-positive and PE-
negative with the latter further categorized based
on whether or not there were associated areas of
pulmonary parenchymal change (including either
GGOs, atelectasis and/or consolidation). CTPAs
were reviewed by two observers, including an
experienced Consultant Radiologist. In addition,
30 random CTPA images and their corresponding
reports were reviewed with no discrepancies found
with original reports.

The classification system used for reports is out-
lined below:
1 “Likely/suspicious for COVID-19" pneumonia as
per the British Society for Thoracic Imaging (BSTI)
reporting criteria used by UK radiologists during
the COVID-19 pandemic [12].

2 Parenchymal changes.

3 Alternative pathology (including heart failure,
pleural effusion, or malignancy, etc.)

4 No explanation for symptoms with completely
normal thoracic imaging.

Relevant demographic and clinical data were col-
lected for both cohorts including age, sex, smoking
status, presenting symptoms, basic clinical obser-
vations, haemoglobin (Hb), white blood cell
count (WBC), neutrophil count, lymphocyte
count, D-Dimer, high-sensitive troponin-I and C-
Reactive Protein (CRP) from clinical records, in
addition to Wells PE scores which were calculated
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retrospectively based on the documented clinical
findings when missing from the clinical notes.
Chest radiographs (CXRs) were performed in the
majority of patients from both 2019 and 2020
(206/232) prior to CTPA as per our hospital
protocols.

COVID-19 PCR testing was not performed routinely
on the 2020 cohort as Institutional policy at the
time of the audit mandated that nasopharyngeal
swabs were only performed on inpatients with
suspected COVID-19. COVID-19 antibody testing
(Siemens total IgM/IgG assay to the SARS-CoV-2
spike glycoprotein) was retrospectively requested
in the cases from 2020 that had positive CTPA
scans in agreement with local hospital governance
and subsequent national policy [13].

Statistical analysis was performed using SPSS v26.
Mean/standard deviation was used for normally
distributed variables and median/interquartile
range (IQR) for skewed data. Significance was
determined using chi-squared tests for categorical
variables.

Results

Study population and baseline clinical data

Overall, our institution performed 806 CTPAs
between 1 March and 31 May 2020 and 902 over
the same time period in 2019 (Fig. 1). This
included 146 outpatients in 2020 and 85 in 2019
(Fig. 1). More outpatient CTPA scans were

performed in 2020, with outpatient scans account-
ing for 18.1% of all CTPAs performed in our trust in
2020 compared with just 9.4% in 2019 (P < 0.001).

The basic demographic data for these patients did
not significantly differ between 2019 and 2020
cohorts (Table 1, all P > 0.05). In 2020, the average
age was 52.8 years [�18.3 years (one standard
deviation)] and almost two-thirds of our patients
were female (64.4%, n = 94/146), compared with
just 54.1% (n = 46/85) in 2019, although this was
not statistically significant (P = 0.126). 28.6%
(n = 20/70) were current smokers, and 60.3%
(n = 85/141) of patients had one or more comor-
bidities including cardiovascular disease (e.g.
ischaemic heart disease or hypertension), respira-
tory disease (e.g. chronic obstructive pulmonary
disease), immunosuppression therapy or malig-
nancy.

The symptoms and investigations for all patients
are reported in Table 1. In 2020, only 2.7% (4/143)
had a documented fever, and less than 5% of
patients reported viral prodromal symptoms
including headache (0/146), myalgia/ arthralgia
(7/146), lethargy (6/146), sore throat (4/146) and
loss of taste (0/146). Chest pain was universally
reported (100.0%, n = 146/146), and shortness of
breath (61.0%, n = 89/146) and/or productive
cough (11.6%, n = 17/146) were common. A dry
cough was reported by 21.2% (n = 31/146). Clin-
ical observations, including heart rate, respiratory
rate, temperature, blood pressure and oxygen

Fig. 1 Flowchart illustrating patient selection for the study. Key: CTPA = CT pulmonary angiogram; PE = pulmonary
embolus.

COVID-19 infection masquerading as pulmonary embolism in ambulant patients / S. R. Harrison et al.

ª 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine 3

Journal of Internal Medicine



Table 1. Baseline clinical and laboratory test results for all patients

Overall (n = 231)

2019 Cohort

(n = 85) 2020 Cohort (n = 146)

Patients with

parenchymal

changes (n = 62)

Age (mean � SD) 53.9 � 18.2 (n = 231) 55.7 � 17.9

(n = 85)

52.8 � 18.3 (n = 146) 55.8 � 17.9 (n = 62)

Sex (% male, no.) 39.4% (n = 91/231) 45.9% (n = 39/85) 35.6% (n = 52/146) 51.6% (n = 32/62)

Current smoker (%,

no)

23.3% (n = 27/116) 15.6% (n = 7/45) 28.6% (n = 20/70) 19.0% (n = 4/21)

Comorbidities

associated with

increased risk of

mortality from

COVID-19*

61.4% (n = 137/223) 63.4% (n = 52/82) 60.3% (n = 85/141) 63.3% (n = 38/60)

Chest pain (%, no) 100.0% (n = 231/231) 100.0% (n = 85/85) 100.0% (n = 146/146) 100.0% (n = 62/62)

SOB (%, no) 62.8% (n = 145/231) 65.9% (n = 56/85) 61.0% (n = 89/146) 71.0% (n = 44/62)

Documented evidence

of fever (%, no)

2.7% (n = 6/224) 2.5% (n = 2/81) 2.7% (n = 4/143) 4.8% (n = 3/62)

Loss of taste (%, no) 0.9% (n = 2/229) 0% (n = 0/85) 1.4% (n = 2/146) 0.0% (0/62)

Dry cough (%, no) 18.2% (n = 42/231) 12.9% (n = 11/85) 21.2% (n = 31/146) 21.0% (n = 13/62)

Productive cough (%,

no)

14.7% (n = 34/231) 20.0% (n = 17/85) 11.6% (n = 17/146) 17.7% (n = 11/61)

Palpitations (%, no) 6.5% (n = 15/231) 5.9% (n = 5/85) 6.8% (n = 10/146) 3.2% (n = 2/62)

Dizziness (%, no) 4.8% (n = 11/231) 2.4% (n = 2/85) 6.2% (n = 9/146) 6.5% (n = 4/62)

DVT features (%, no) 9.5% (n = 22/231) 7.1% (n = 6/85) 11.0% (n = 16/146) 12.9% (n = 8/62)

CXR showing no acute

pathology (%, no)

80.5% (n = 165/205) 64.7% (n = 55/74) 83.3% (n = 110/132) 69.4% (n = 43/62)

Wells PE score

(median, IQR)

1.75 (0–4.5) (n = 232) 3.0 (0.0–4.5)

(n = 85)

1.0 (0.0–4.0) (n = 146) 1.3 (0.0–4.1) (n = 62)

HR (mean � SD)

(beats per minute)

88.6 � 19.2 (n = 225) 88.1 � 20.3

(n = 81)

89.0 � 18.7 (n = 144) 89.5 � 19.5 (n = 62)

SBP (mean � SD)

(mmHg)

136.3 � 23.9

(n = 223)

134.2 � 24.8

(n = 81)

137.5 � 23.3 (n = 142) 139.8 � 24.8 (n = 61)

DBP (mean � SD)

(mmHg)

81.8 � 14.9 (n = 223) 81.9 � 15.0

(n = 81)

81.7 � 14.9 (n = 142) 86.1 � 18.0 (n = 61)

Temp (mean � SD)

(oC)

36.8 � 0.6 (n = 224) 36.8 � 0.5 (n = 81) 36.8 � 0.6 (n = 143) 36.8 � 0.63 (n = 62)

RR (mean � SD)

(breaths per minute)

19.0 � 2.9 (n = 220) 19.2 � 3.0 (n = 79) 18.9 � 2.8 (n = 141) 19.5 � 3.3 (n = 61)

SpO2 (mean � SD) 97.1 � 2.2 (n = 221) 96.7 � 2.4 (n = 79) 97.4 � 2.0 (n = 142) 97.0 � 2.0 (n = 61)

Hb (mean � SD)

(g L�1)

130.3 � 18.4

(n = 230)

130.9 � 20.0

(n = 84)

130.0 � 17.5 (n = 146) 132.1 � 18.0 (n = 62)

WBC (mean � SD)

(109/L)

8.58 � 3.27 (n = 230) 9.3 � 3.7 (n = 84) 8.2 � 2.9 (n = 146) 8.8 � 3.4 (n = 62)
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saturations were within normal range. Lymphocyte
counts were normal [lymphocytes
1.76 9 109 � 1.07 (n = 145/146)], whilst D-Dimer
and CRP values were slightly elevated
409.0 ng mL�1 (276.0–826.0, n = 129/146) and
6.7 mg L�1 (5.0–36.0, n = 111/146), respectively].

In 2020, 131/146 patients (89.7%) had a baseline
CXR, and of these, 15.9% (n = 21/132) were
abnormal, including lobar pneumonia in 7/22,
small effusions in 5/22, other diagnoses in 2/22
and parenchymal changes in 7/22. Findings on
CXR from 2019 were similar, with equivalent
numbers of patients having abnormal baseline
CXRs each year (P = 0.155). CXR findings were
generally minor with the physicians progressing to
CTPA on the basis the CXR did not adequately
explain the clinical picture.

Pulmonary parenchymal findings

In the 2020 cohort, 32.9% (n = 48/146) of outpa-
tients had lung parenchymal changes on CTPA but
no evidence of PE; this included 37 patients with

nonspecific parenchymal changes and 11 (7.5%)
with features that were “likely/suspicious for
COVID-19 pneumonia” (Fig. 1), whereas in 2019
only 16.5% (n = 14/85) exhibited similar paren-
chymal changes (P = 0.007; Table 2). Examples of
pulmonary changes are shown in Fig. 2. All the
patients with parenchymal changes on their CTPA
had similar baseline demographic and clinical
characteristics as those without parenchymal
changes (Table 1, all P > 0.05). None of the 7.5%
(11/146) patients whose CTPA was reported as
“likely/suspicious for COVID-19” were suspected
of having COVID-19 prior to CTPA, with 8 having a
normal CXR and 3 having minor nonspecific areas
of collapse. The BSTI criteria for COVID-19 pneu-
monia were retrospectively applied to the 14 CTPAs
from 2019 with none classified as “likely/suspi-
cious for COVID-19”, though 13/14 were classified
as “indeterminate for viral infection” by the review-
ing radiologist in 2020 (AS) (P = 0.008). Removing
the 11 likely COVID-19 cases from 2020 left 25.3%
(n = 37/146) patients with parenchymal changes
and the same 16.5% (n = 14/85) cases in 2019
(P = 0.061, Table 2).

Table 1 (Continued )

Overall (n = 231)

2019 Cohort

(n = 85) 2020 Cohort (n = 146)

Patients with

parenchymal

changes (n = 62)

neut (mean � SD)

(109/L)

6.10 � 3.20 (n = 229) 6.9 � 3.5 (n = 84) 5.6 � 2.9 (n = 146) 6.3 � 3.5 (n = 62)

lymph (mean � SD)

(109/L)

1.70 � 1.05 (n = 229) 1.6 � 1.0 (n = 84) 1.8 � 1.1 (n = 146) 1.7 � 0.80 (n = 62)

D-Dimer positive (%,

no)**

51.0% (n = 103/202) 47.2% (n = 34/72) 53.1% (n = 69/130) 55.6% (n = 30/54)

D-Dimer (median,

IQR) (ng mL�1)

401.0 (272.0–764.0)

(n = 201)

349.5 (249.0–

632.5)

(n = 72)

409.0 (276.0–826.0)

(n = 129)

417.0 (270.8–875.0)

(n = 54)

Trop (median, IQR)

(ng mL�1)

4.40 (2.5–10.4)

(n = 151)

5.0 (2.9–21.1)

(n = 37)

4.2 (2.5–8.3 (n = 114) 4.7 (2.5–9.3) (n = 47)

CRP (median, IQR)

(mg L�1)

11.7 (5.0–46.0)

(n = 167)

27.7 (5.0–74.3)

(n = 56)

6.7 (5.0–36.0) (n = 111) 12.1 (5.0–40.3)

(n = 48)

Key: CRP, C-Reactive Protein; CXR, Chest X-Ray; DBP, diastolic blood pressure; DVT, deep vein thrombosis; Hb,
haemoglobin; HR, heart rate; IQR, interquartile range; lymph, lymphocyte count; neut, neutrophil count; RR, respiratory
rate; SBP, systolic blood pressure; SD, standard deviation; SOB, shortness of breath; SpO2, oxygen saturations; Temp,
temperature; Trop, Troponin-I; WBC, white blood cell count.
*This includes cardiovascular disease, respiratory disease, immunosuppression or malignancy.
**Cut off value for positive D-Dimer using our assay was >400 ng mL�1.
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Table 2. Summary of all institutional CTPA scans performed from 1 March to 31 May in 2019 and 2020

2019 Cohort 2020 Cohort P values

Total CTPAs performed during the study period*

*Includes medical unstable inpatients and stable outpatients’ scans

902 806

Medially stable outpatients undergoing CTPAs

to exclude PE

89 154

CTPA positive, parenchymal changes positive 3 5

CTPA positive, parenchymal changes negative 1 1

CTPA negative parenchymal changes positive 14 48 0.007

(i) Radiologically likely COVID 0 11

(ii) Parenchymal changes 14 37 0.061

CTPA negative parenchymal changes negative 71

[nil acute, 40.8%

(n = 29)]

[other, 59.2%,

n = 42)]

98

[nil acute, 77.6%

(n = 76)]

[other, 32.4%

(n = 22)]

Key: CTPA, CT Pulmonary angiogram; nil acute, scans with no acute pulmonary pathology; PE, pulmonary embolus;
other, patients with other pathologies on CTPA including lobar pneumonia, pleural effusion, etc.

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 2 Examples of lung parenchymal changes on CT pulmonary angiogram (CTPA). Parenchymal changes are indicated
by the yellow arrows. a = 2020 CTPA positive for PE with associated parenchymal changes [ground glass opacities (GGOs)];
b = 2020 CTPA negative for PE with multiple peripherally distributed GGOs; c = 2020 CTPA negative for PE with a single
peripheral GGO; d = 2019 CTPA negative for PE with peri-bronchial GGOs; e = 2020 CTPA negative for PE with right lower
lobe consolidation; f = an example of more extensive parenchymal changes in a patient who had a positive PCR test for
COVID-19.
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The data also revealed differences in alternative
lung parenchymal pathology identified on CTPA
(Table 2). In 2019, 34.1% (n = 29/85) patients had
no acute pulmonary pathology reported compared
with 52.0% (n = 76/146) patients in 2020. Con-
versely, in 2019 49.4% (n = 42/85) patients were
found to have an alternative cause for their symp-
toms from the CTPA scan compared with just
15.0% (n = 22/146) in 2020 (P = 0.010) (Table 2),
possibly indicating milder or later stage COVID-19
infection, with resolution of parenchymal changes.

CTPAs which were positive for PE in outpatients
presenting in each time period were also reviewed
to determine whether these patients had associ-
ated areas of parenchymal change. Overall, only
3.9% (n = 6/152) outpatient scans from 2020 and
4.5% (n = 4/89) scans from 2019 had a PE-positive
CTPAs (Table 2). In 2020, 5/6 patients with PE-
positive CTPAs had parenchymal changes, com-
pared with 3/4 patients in 2019 (Table 2).

Serological evaluation for COVID-19 antibodies

Finally, correlation between PE-negative CTPA
findings in the 2020 cohort (n = 146) and COVID-
19 serology was evaluated. As COVID-19 was not
suspected as the primary diagnosis in this patient
cohort, COVID-19 PCR testing was not performed
when they initially presented to hospital. In total,
39 patients (26.5%) of the PE-negative cohort from
2020 attended for a COVID-19 antibody test with a
mean time of 101 days (standard devia-
tion � 30 days) between the CTPA and COVID-19
antibody test. Only 3 patients tested positive for
COVID-19 antibodies with 2 of the antibody pos-
itive patients having areas of parenchymal change
on CT. Of the 36 patients negative for COVID-19
antibodies, 6 had likely COVID-19 based on the
CTPA BSTI grading, 6 had areas of parenchymal
change, 19 had normal CTPAs, and 5 had an
alternative cause for their symptoms. Notably,
none of the 6 patients with radiologically likely
COVID-19 pneumonia who attended for antibody
testing were positive for COVID-19 antibodies
(n = 0/6).

Discussion

This study showed increased hospital presentation
of suspected PE in 2020 compared to 2019, and in
2020, 32.8% of these patients had pulmonary
parenchymal changes either characteristic of
COVID-19 or suggestive of viral infection, including

11 patients whose CTPA was likely/suspicious for
COVID-19. Most patients did not have typical
COVID-19 pneumonia symptoms except for a dry
cough in 21.2% of cases, which is also a PE feature,
but all presented with chest pain more typical of
PE. More severe COVID-19 cases are typically
associated with reduced oxygen saturation, fever,
lymphopenia and substantially elevated D-Dimer
and CRP values, which was not observed in our
cohort. Although only 25.6% patients contacted
attended for voluntary COVID-19 antibody testing,
none of the 6 patients with a CTPA which was
likely/suspicious for COVID-19 had COVID-19
antibodies. Thus overall, the significant increase
in parenchymal changes in 2020 compared with
2019 is likely to be related to COVID-19 infection
that was contained and thus may not have gener-
ated systemic humoral immune responses.

Fewer patients presented to hospital in 2020
compared with 2019, including fewer outpatient
CTPAs, possibly reflecting public reticence to
attend hospital during the pandemic. Similarly,
pressures on hospital trusts to avoid any hospital
admission where possible, in efforts to reduce
nosocomial transmission of the disease, may
account for the reduction in inpatient CTPAs in
2020 compared with 2019. However, interestingly
whilst 154 outpatients in 2020 presented with
chest pain compared with 89 in 2019, the number
of confirmed PEs was similar. This further sup-
ports that chest pain may indeed by a presentation
for mild COVID-19 infection masquerading as
suspected PE, and it may be reasonable to consider
treating all patients with presentations such as
this is as suspected COVID-19.

We were unable to collect COVID-19 PCR data for
our patients due to the unavailability of COVID-19
PCR testing for all outpatients in the trust, as it
was not trust or indeed NHS national policy at the
time to swab outpatients for COVID-19 during the
first wave of the COVID-19 pandemic. This was
largely due to lack of testing kits and/or infras-
tructure to conduct mass testing in the outpatient
setting. However, we suggest that viral contain-
ment by pulmonary intravascular immune-throm-
bosis may also constrain local and blood borne
dissemination thereby preventing the immune
system coming into contact with and mounting a
response to COVID-19. A recent systematic review
found that the sensitivity of COVID-19 nasopha-
ryngeal swabs could be as low as 71%, particularly
in milder cases of disease [14] and is heavily
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dependent on swab technique [14] and the time at
which the individual is swabbed during their
illness [14,15].

Of the patients that attended for COVID-19 anti-
body testing, very few were positive. This result
may simply reflect the face that the low numbers of
patients who attended for antibody testing (26.4%,
39/148). However, we still observed that 0/6
patients who met BSTI criteria were positive for
COVID-19 antibodies. This may reflect the known
association with negative antibody testing results
and mild disease [16–19]. Existing antibody tests
have been validated using severe cases; hence, the
sensitivity of existing antibody tests is likely to be
lower in milder cases of disease [20,21]. Emerging
data also suggests that detectable antibody
responses decline rapidly following infection, par-
ticularly in mild cases [16], as previously observed
for other human coronaviruses [17,22]; thus, the
time lag between presentation with chest pain and
phlebotomy (mean 100 days) may explain the lack
of detectable antibodies in our cohort. Finally,
current antibody tests measure IgM and IgG titres;
however, IgA plays a pivotal role in immunity to
respiratory pathogens, and T-cell immunity may
also be present in the absence of a detectable
antibody titre; however, we were unable to test for
these in our patients [21,23–26]. Given the poten-
tial limitations of COVID-19 antigen and antibody
testing in mild disease, the findings of this study
are relevant to better define the epidemiology of
COVID-19 disease and potential tracing and
shielding for risk groups.

Our study shows that imaging may be a more
reliable marker for COVID-19 infection than PCR
or antibody testing. We chose CTPAs since these
are readily available in our trust and have been
shown superior sensitivity for COVID-19 diagnosis
than PCR testing, or CXRs, and have the advantage
of excluding concomitant PEs which are common
in COVID-19 patients. CTPAs are, however, asso-
ciated with a significant radiation dose and may
not be suitable for all patients, for example patients
who are pregnant or have renal impairment. One
alternative imaging modality that has been used in
COVID-19 diagnosis is lung ultrasound (LUS),
which is rapid, noninvasive and low cost [27-28].
Studies have shown it may be useful, particularly
in the diagnosis of early disease and may correlate
with disease severity [29-31]. On the other hand, it
has variable sensitivity/specificity depending on
the setting in which it is used (e.g. the emergency

department versus critical care) [32-34] and facil-
ities and expertise in this imaging modality are less
than they are for CTPA in most UK hospitals, which
may prevent more widespread use [35-36].

Limitations

There are some limitations including the relatively
small cohort size and single-centre retrospective
nature; thus, initial findings require further vali-
dation. Due to trust policy at the time, only
patients who were being admitted to hospital
underwent COVID-19 nasopharyngeal PCR test-
ing. Outpatients, irrespective of whether or not
they were considered to have possible COVID-19,
were not offered this test, and so, we are unable to
correlate our CTPA findings with COVID-19 PCR
data. We attempted to collect data on COVID-19
antibodies; however, there was poor uptake
(25.6%), possibly due to patient reluctance to
attend hospitals for nonurgent tests during the
middle of the pandemic. Irrespective of this, anti-
body testing has other limitations. It is also
impossible to determine when antibody positive
patients may have been infected, and for patients
who did test positive in this cohort, COVID-19
infection may have occurred after, and be unre-
lated to, the index episode of chest pain. Our trust
only reported antibody positivity/negativity and
not the titre, and it is possible that our antibody
test was unable to detect low titre antibodies that
may have been present in some of our patients.
This is particularly relevant as the mean time from
index episode of chest pain and antibody tests is
100 days. Future studies should seek to collect
COVID-19 PCR at presentation and a complete
immunological profile including CD4+ and CD8+ T-
cell responses and antibody responses checked
6 weeks after index presentation. Finally, the
changes seen on CTPA are nonspecific and could
still have be caused by other viral or bacterial
pathogens or noninfective processes such as heart
failure or malignancy, although the distribution of
the changes, their focal nature and the differences
observed in their frequency between 2019 and
2020 suggest otherwise.

Conclusion

In conclusion, this study has shown an increased
hospital outpatient attendance of ambulatory
patients in 2020 with symptoms suggestive of PE
without clinical or laboratory features of COVID-19
but where CTPA demonstrated parenchymal
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changes consistent with or possible for COVID-19
infection. These differences could represent focal
COVID-19 infection with localized immune-throm-
bosis and infarction resulting in chest pain imitat-
ing PE. Without the characteristic radiological
features, this group may pose a diagnostic
dilemma as 0/6 patients whose CTPA was “likely/
suspicious for COVID-19” were antibody positive.
This has potentially significant importance for
clinical practice and for developing our under-
standing of mild COVID-19 pneumonia, as well as
the pathophysiology, transmission and spread of
COVID-19.
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