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Abstract Background It is still unclear if patients with community-acquired pneumonia (CAP)
and coronavirus disease 2019 (COVID-19) have different rate, typology, and impact of
thrombosis on survival.

Methods In this multicenter observational cohort study, 1,138 patients, hospitalized
for CAP (n=559) or COVID-19 (n=579) from seven clinical centers in Italy, were
included in the study. Consecutive adult patients (age > 18 years) with confirmed
COVID-19-related pneumonia, with or without mechanical ventilation, hospitalized
from March 1, 2020 to April 30, 2020, were enrolled. COVID-19 was diagnosed based
on the World Health Organization interim guidance. Patients were followed-up until
discharge or in-hospital death, registering the occurrence of thrombotic events
Keywords including ischemic/embolic events.

= community-acquired  Results During the in-hospital stay, 11.4% of CAP and 15.5% of COVID-19 patients

pneumonia experienced thrombotic events (p = 0.046). In CAP patients all the events were arterial
= COVID-19 thromboses, while in COVID-19 patients 8.3% were venous and 7.2% arterial
= thrombosis thromboses.
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During the in-hospital follow-up, 3% of CAP patients and 17% of COVID-19 patients died
(p<0.001). The highest mortality rate was found among COVID-19 patients with
thrombotic events (47.6 vs. 13.4% in thromboticevent-free patients; p <0.001). In
CAP, 13.8% of patients experiencing thrombotic events died versus 1.8% of thrombotic
event-free ones (p < 0.001). A multivariable Cox-regression analysis confirmed a higher
risk of death in COVID-19 patients with thrombotic events (hazard ratio: 2.1; 95%
confidence interval: 1.4-3.3; p<0.001).

Conclusion Compared with CAP, COVID-19 is characterized by a higher burden of
thrombotic events, different thrombosis typology and higher risk of thrombosis-

related in-hospital mortality.

Introduction

Coronavirus disease 2019 (COVID-19) is a pandemic charac-
terized by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection needing mechanical ventilation and
intensive care unit (ICU) treatment. Among the factors pre-
disposing to poor survival, thrombotic complications have
been suggested to have an important role."? Accordingly,
clinical studies in COVID-19 showed a high incidence of venous
and arterial thromboembolism, which was dependent upon a
hypercoagulation state, as depicted by elevated plasma levels
of D-dimer.>* This clinical feature resembles that of patients
affected by community-acquired pneumonia (CAP), which is
prevalently caused by viruses,” and is among the commonest
cause of hospitalization for pneumonia.>® Thus, patients
hospitalized for CAP experience approximately 10% of throm-
botic events, which are prevalently localized in the arterial
vessels and are predictive of short- and long-term mortality.7'8
A previous study reported that venous thromboembolism is
apparently higher in CAP versus COVID-19,° while the intra-
hospital incidence of arterial thrombosis in CAP and COVID-19
needs to be clarified. Analysis of the different impacts of
venous and arterial thromboses in CAP and COVID-19 may
be relevant not only to provide insight into the pathophysiolo-
gy of the two types of pneumonia but also to develop appro-
priate therapeutic strategies to lower the risk of thrombosis
and eventually mortality. At this end, we performed an
observational prospective study to compare predictors, rates
of venous and arterial thromboses, and thrombosis-related
mortality in CAP and COVID-19.

Methods
Study Design and Population

CAP Patients
We analyzed data from a prospective observational study
aimed to evaluate the incidence of major vascular events in
hospitalized adult patients with pneumonia (clinical.trial.
gov: NCT01773863).

This cohort study prospectively recruited and followed up
consecutive patients referred to three medical centers from
the University-Hospital Policlinico Umberto I, Sapienza Uni-

versity of Rome, Italy (Department of Internal Medicine and
Medical Specialties, Department of Clinical Medicine, De-
partment of Public Health and Infectious Diseases).

We consecutively enrolled 559 adults who met the fol-
lowing criteria: (1) age >18 years; (2) clinical presentation of
an acute illness with at least two or more of the signs or
symptoms of CAP, as previously reported'%; and (3) presence
of new consolidation(s) on chest X-ray.® Pneumonia was
defined as CAP diagnosed upon hospitalization in a patient
who did not meet the criteria for health care-associated
pneumonia.” Exclusion criteria were: radiographic evidence
of pre-existing infiltrates; immunosuppression (human
immunodeficiency virus infection, chemotherapy, high
dose of immunosuppressive agents to prevent the rejection
of transplanted organs and tissues or to treat autoimmune
diseases); presence of malignancy; pregnancy or breastfeed-
ing; documented severe allergy to antibiotics; health care-
associated pneumonia.'’

All patients with CAP admitted to the three units after
giving written informed consent from October 2011 to
January 2016 were prospectively recruited and followed
up. The study was conducted according to the principles
stated in the Declaration of Helsinki and approved by the
local ethics committee.

COVID-19 Patients

Patients hospitalized for COVID-19-related pneumonia were
recruited in seven Italian hospitals from Rome (two centers),
Latina, Firenze, Perugia, Pisa, and Chieti.

We included consecutive adult patients (age > 18 years)
with confirmed COVID-19-related pneumonia, with or with-
out mechanical ventilation, hospitalized from March 1, 2020
to April 30,2020. COVID-19 was diagnosed on the basis of the
World Health Organization interim guidance. A confirmed
case was defined as a person with laboratory confirmation of
COVID-19 infection, irrespective of clinical signs and symp-
toms. Oropharyngeal and nasopharyngeal swabs for labora-
tory diagnosis of COVID-19 were performed in duplicate:
SARS- Cov2 E and S gene were detected by a reverse tran-
scriptase polymerase chain reaction.

High-resolution computed tomography scan was used to
identify lung involvement according to the Official Diagnosis
and Treatment Protocol (6th edition) declared by the National
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Health Commission of China. Typical CT findings of SARS-CoV2-
related pneumonia were considered: consolidation, ground-
glass opacities, crazy paving, and/or reticular pattern.12

Radiologic abnormalities were reviewed by attending
physicians in respiratory medicine who extracted the data.
Major disagreement between two reviewers was resolved by
consultation with a third reviewer. Ethical approval for this
study was obtained from Ethics Committee of Azienda
Ospedaliero Universitaria Policlinico Umberto 1 (approval
number/ID Prot. 109/2020).

Baseline Assessment
Demographic, clinical, laboratory, and radiological results
were extracted from electronic medical records of patients
enrolled. Routine laboratory analysis included D-dimer,
high-sensitivity C-reactive protein (hs-CRP), serum albumin
and was collected at hospital admission. Prevalence of
comorbidities such as diabetes mellitus, hypertension, coro-
nary artery disease (CAD), heart failure (HF), chronic kidney
disease, and chronic obstructive pulmonary disease (COPD)
were recorded as previously described.'®

The CURB-65 (confusion, uremia, respiratory rate, blood
pressure, age > 65 years) score, a validated pneumonia
severity assessment tool,”® was calculated based on clinical
admission and laboratory parameters.

Data about therapeutic treatments were collected at
hospital admission.

Assessment of In-Hospital Thrombotic Events
Patients were followed-up until discharge or in-hospital death.
We registered the occurrence of thrombotic events including
ischemic/embolic events, which were categorized as follows:
pulmonary embolism (detected by lung CT pulmonary angio-
gram with intravenous contrast),'* acute myocardial infarction
(diagnosed on the basis of the diagnostic electrocardiographic
findings associated with elevation of serum markers of myocar-
dial necrosis),”® acute ischemic strokes (identified by observing
the onset of new focal neurological signs and symptoms and
confirmed with magnetic resonance imaging or CT imaging),'®
acute limb ischemia diagnosed according to guidelines,'
superficial/peripheral vein thrombosis and deep venous throm-
bosis diagnosed as previously described,'® and unusual vein
thrombosis detected in symptomatic patients by CT scan (i.e.,
gonadic vein thrombosis, splanchnic venous thrombosis).
Diagnostic procedures were performed upon attending
physician’s requests.

Statistical Analysis

Categorical variables are reported as counts and percentages
and continuous variables as mean =+ standard deviation, or
medians and interquartile ranges. Differences between per-
centages were assessed by chi-square or Fisher exact tests. All
continuous variables were tested for normality with the
Shapiro-Wilk test. Student’s unpaired t-tests were used for
normally distributed continuous variables. Appropriate non-
parametric tests (Mann-Whitney and Spearman rank correla-
tion tests) were used for the other variables. The bivariate and
multivariate effects of prognostic factors on thrombotic events

Thrombotic Events in CAP and COVID-19 Cangemi et al.

were assessed by means of logistic regression models. Non-
normally distributed continuous variables were log-trans-
formed before entering the model. Wald confidence
intervals (CIs) and tests for odds ratios (OR) and adjusted OR
were computed on the basis of the estimated standard errors.
Survival curves were estimated using the Kaplan-Meier prod-
uct limit estimator and compared using the log-rank test. Cox
proportional hazards analysis was used to calculate the ad-
justed hazard ratios (HRs) and 95% CI for each clinical variable.
In the multivariable models, a random intercept, accounting
for the recruiting centers, was also added to evaluate the
possible effects of the different centers on the outcomes.
Only p-values <0.05 were considered statistically significant.
All tests were two-tailed, and analyses were performed using
computer software packages (IBM SPSS Statistics 25).

Results

The study included 1,138 patients, hospitalized for CAP
(n=559, 212 females; 347 males; age: 71.9+16.2 years)
or COVID-19 (n=579; 261 females; 318 males; age
65.3 +16.6 years). Clinical and laboratory characteristics of
CAP and COVID-19 patients are reported in =Table 1.

CAP patients were older and with a higher prevalence of
males. Moreover, a higher prevalence of comorbidities was
found among CAP patients; thus, CAP patients were more
likely to have CAD, diabetes, hypertension, atrial fibrillation
(AF), and HF than COVID-19 ones. White blood cells (WBCs)
and platelet count were higher in CAP patients. During the in-
hospital stay, CAP patients were more likely to be treated with
antiplatelet or oral anticoagulants, while COVID-19 patients
were prevalently treated with heparins (=Table 1). Overall, at
admission, no significant differences in CURB-65 score was
found between CAP and COVID patients.

Among the 579 COVID-19 patients, 80 (14%) patients were
admitted to ICU. ICU patients showed lower prevalence of
female sex, higher levels of hs-CRP, D-dimer, and WBC, and
lower serum albumin and rate of sPO2 than non-ICU ones.
The CURB-65 score was higher in ICU patients than non-ICU
COVID-19 or CAP ones (~Table 1). Hospital stay length was
10[7-13] days for CAP patients and 19 [12-27] for COVID-19
patients (p < 0.001).

Thrombotic Complications

During the in-hospital stay, 64 CAP patients (11.4%) and 90
COVID-19 (15.5%) patients experienced a thrombotic event
(p=0.046). In CAP patients all the events were arterial
thromboses, while in COVID-19 patients 48 (8.3%) were
venous and 42 (7.2%) arterial thromboses (~Table 2). Among
COVID-19 patients, a greater incidence of both venous and
arterial thromboses was found in those admitted to ICU
(overall incidence of thrombosis in ICU vs. non-ICU patients:
41.3 vs. 11.4%, respectively; p < 0.001). Separate analysis of
thrombotic events in non-ICU COVID-19 versus CAP showed
no significant difference; however, a higher incidence of
venous thrombosis and a lower incidence of arterial throm-
bosis were detected in non-ICU COVID-19 versus CAP
patients, respectively (=Table 3).
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Table 1 Clinical and laboratory characteristics of CAP and COVID-19 patients at hospital admission

CAP COVID-19 p-Value | Non-ICU COVID-19 ICU COVID-19 p-Value
No. 559 579 499 80
Age (y) 71.9+16.2 65.3+16.6 <0.001 | 65.1+16.9 66.2+14.0 0.564
Female sex 38% 45% 0.026 49% 19% <0.001
ICU 0 14% <0.001 | - - -
Smoker 20% 16% 0.089 16% 20% 0.417
CAD 30% 17% <0.001 17% 12% 0.415
COPD 32% 12% <0.001 1% 19% 0.063
Diabetes 26% 17% <0.001 16% 22% 0.151
Hypertension 72% 48% <0.001 48% 55% 0.279
Paroxysmal AF 13% 6% <0.001 | 6% 7% 0.617
Chronic AF 14% 4% <0.001 5% 0% 0.080
Chronic heart failure | 22% 15% 0.007 15% 13% 0.614
sPO2 (%) 93.3+6.9 94.0+6.2 0.158 94.2+5.9 91.2+8.8 0.012
WBC (No./mm?) 9,900 6,010 <0.001 5,745 [4,400-7,345] | 8,610 [5,560-12,250] | <0.001

[7,480-13,540] | [4,560-8,350]
PLT (n/mm?) x 103 233 [179-300] 193 [156-246] | <0.001 193 [157-243] 193 [141-288] 0.742
Serum creatinine 1.20+0.83 1.10+£0.86 0.081 1.09+£0.91 1.13+£0.57 0.699
(mg}dL)
Hs-CRP (mg/L) 48 [15-130] 53 [20-129] 0.409 48 [19-117] 97 [30-210] 0.008
Albumin (g/L) 35 [31-38] 35 [31-39] 0.484 36 [32-39] 31 [27-35] <0.001
D-dimer (ng/mL) 1,182 939 0.423 785 [420-1,690] 2,254 [1,051-4,610] <0.001

[547-2,377] [466-2,022]
Antiplatelet drugs 40% 18% <0.001 14% 30% 0.102
OACs 14% 6% <0.001 | 7% 5% 1.000
Heparins 6% 49% <0.001 38% 98% <0.001
CURB-65 1.76 £1.09 1.79+1.40 0.667 1.70+1.41 235+1.2 <0.001

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CAP, community-acquired pneumonia; COPD, chronic obstructive pulmonary

disease, hs-CRP, high sensitivity Greactive protein; ICU, intensive care unit; OACs, oral anticoagulants; PLT, platelets; WBC, white blood cell.
Note: Data are expressed as percentages, mean + SD, or median [interquartile range].

Patients’ baseline characteristics according to in-hospital
thrombotic complications are represented in =Table 4. CAP
patients who experienced a thrombotic event were older,
more likely to have CAD, HF, and hypertension than throm-
botic-event-free ones. COVID-19 patients who experienced a
thrombotic event were older and more likely to have HF and
to be admitted to ICU than thrombotic-event-free ones;
moreover, they showed higher levels of WBC and D-dimer,
and lower serum albumin (~Table 4).

In logistic regression analyses, thrombotic events were
independently associated with age, HF, CAD, and the CURB-
65 score in CAP patients; ICU admission, age, and D-dimer in
COVID-19 patients; and to ICU admission, age, D-dimer, CAD,
and HF in the whole cohort (~Table 5).

Mortality

During the in-hospital follow-up, 17 CAP patients (3%) and
98 COVID-19 patients (17%) died (p <0.001); among non-
survivor COVID-19 patients, 62 out of the 499 (12.4%) were

non-ICU and 36 out of 80 (45%) were ICU patients
(p<0.001; =Fig. 1A).

CAP patients who died were older than those who survived.
COVID-19 patients who died were older, more likely to be
male, and had higher prevalence of comorbidities like CAD,
COPD, diabetes, hypertension, paroxysmal AF, and HF than the
survivor ones. Moreover, nonsurvivor COVID-19 patients had
significant lower baseline sPO2 and serum albumin and higher
WABC, hs-CRP, and D-dimer; also, they more frequently needed
ICU than the survivor ones (~Table 6).

The occurrence of thrombotic events was associated with
anincreased risk of death in both CAP and COVID-19 patients.
In CAP patients, 13.8% of patients experiencing thrombotic
events died versus 1.8% of thrombotic-event-free ones (haz-
ard ratio: 3.4; 95% CI: 1.2-9.3; p=0.018); while in COVID-19
patients, 47.6% of patients experiencing thrombotic events
died versus 13.4% of thrombotic-event-free ones (~Fig. 1B).

Multivariable Cox regression analyses showed that, in
COVID-19 patients, thrombotic events, older age, COPD,
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Table 2 In-hospital thrombotic events in CAP and COVID-19 patients

| caP (n=559) | coviD-19 (n=579) p-Value
Outcomes
Superficial vein thrombosis 0% 10 (1.7%)
DVT 0% 16 (2.8%) <0.001
Pulmonary embolism 0% 18 (3.1%)
Unusual vein thrombosis 0% 4 (0.7%)
Total venous thrombosis 0% 48 (8.3%) <0.001
Peripheral ischemic disease 0 (0%) 9 (1.6%)
Myocardial infarction 52 (9.3%) 21 (3.6%)
TIA/stroke 12 (2.1%) 12 (2.1%)
Total arterial thrombosis 64 (11.4%) 42 (7.2%) 0.019
Total thrombosis 64 (11.4%) 90 (15.5%) 0.046
Abbreviations: CAP, community-acquired pneumonia; DVT, deep venous thrombosis; TIA, transient ischemic attack.
Table 3 In-hospital thrombotic events in CAP, ICU, and non-ICU COVID-19 patients
CAP Non-ICU COVID-19 | ICU-Covid-19 | p-Value® p-Value*
(CAP vs. (non-ICU vs. ICU
non-ICU COVID-19) | COVID-19)
N 559 499 80
Outcomes
Superficial vein thrombosis | 0 (0%) 6 (1.2%) 4 (5.0%)
DVT 0 (0%) 11 (2.2%) 5 (6.3%)
Pulmonary embolism 0 (0%) 6 (1.2%) 12 (15%)
Unusual vein thrombosis 0 (0%) 3(0.6%) 1(1.3%)
Total venous thrombosis 0 (0%) 26 (5.2%) 22 (27.5%) <0.001 <0.001
Peripheral ischemic disease 0 (0%) 4 (0.8%) 5 (6.3%)
Myocardial infarction 52 (9.3%) 16 (3.2%) 5 (6.3%)
TIA/stroke 12(2.1%) | 11 (2.2%) 1(1.3%)
Total arterial thrombosis 64 (11.4%) | 31(6.2%) 11(13.8%) 0.012 0.029
Total thrombosis 64 (11.4%) | 57 (11.4%) 33(41.3%) 0.989 <0.001

Abbreviations: CAP, community-acquired pneumonia; DVT, deep venous thrombosis; TIA, transient ischemic attack.

baseline values of sPO2, and serum albumin were indepen-
dently associated with death and that, in the whole cohort,
COVID-19 was associated with an increased risk of mortality
(=Table 7).

Discussion

The study provides evidence that, compared with CAP,
COVID-19 is associated with a higher burden of thrombotic
events and different thrombosis types. Furthermore, the
intra-hospital mortality risk is roughly fivefold higher in
COVID-19 compared with CAP.

Our analysis displays relevant differences in terms of
clinical characteristics at admission and clinical outcomes
including thrombotic events and mortality between two

populations of patients hospitalized for CAP or COVID-19.
Thus, at admission to the hospital, CAP population was older,
more frequently male, and with a higher burden of cardio-
vascular and pulmonary disease; among the laboratory
variables CAP showed higher WBC and platelet count. Data
regarding systemic inflammation and clotting activation did
not show any difference between the two populations;
however, separate analysis of ICU and not-ICU revealed a
significant difference between the two populations, with ICU
COVID-19 patients showing higher values of hs-CRP and D-
dimer versus non-ICU ones and CAP. Concerning the antith-
rombotic drugs, antiplatelet treatment was more frequently
used in CAP, while anticoagulants were more frequently used
in COVID-19, especially in those needing ICU. It is interesting
to note, however, that the number of COVID-19 patients
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Table 4 Patients’ baseline characteristics according to in-hospital thrombotic complications in CAP ad COVID-19 patients

CAP patients COVID patients
Without thrombotic | With thrombotic | P-Value | Without thrombotic | With thrombotic | p-Value
event event event event
N 495 64 481 90
Age 70.7 £16.5 80.6+8.9 <0.001 | 64.1+16.8 71.5+13.8 <0.001
Male sex 62% 62% 0.941 54% 62% 0.168
ICU n.a. n.a. n.a. 11% 59% <0.001
Smoker 20% 17% 0.661 16% 16% 0.849
CAD 27% 52% <0.001 | 15% 23% 0.104
COPD 32% 33% 0.885 12% 14% 0.710
Diabetes 24% 37% 0.020 16% 18% 0.631
Hypertension 70% 84% 0.016 48% 57% 0.123
Paroxysmal AF 12% 19% 0.122 6% 10% 0.200
Chronic AF 13% 17% 0.486 4% 6% 0.750
Chronic heart failure | 19% 42% <0.001 | 14% 23% 0.041
sPO2 (%) 93.6 +7.1 92.0+5.9 0.879 94.4+6.0 91.1+6.7 <0.001
WBC (n/mm?) 9,890 10,522 0.092 5,870 7,330 0.025
[7,380-13,300] [8,462-14,777] [4,480-8,084] [4,720-10,465]
Hs-CRP (mg/L) 48 [16-130] 42 [13-108] 0.552 48 [20-122] 65 [20-169] 0.103
Albumin (g/L) 35 [31-38] 35 [32-38] 0.824 36 [32-39] 32 [28-36] <0.001
D-dimer (ng/mL) 1,115 1,464 0.271 828 1,972 <0.001
[543-2,276] [560-3,847] [440-1,660] [755-4,610]
CURB-65 score 1.68+1.0 2.39+0.99 <0.001 | 1.73+1.25 2.11+£1.15 0.005

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CAP, community-acquired pneumonia; COPD, chronic obstructive pulmonary
disease, hs-CRP, high-sensitivity Greactive protein; ICU, intensive care unit; OACs, oral anticoagulants; PLT, platelets; sPO2, oxygen saturation; WBC,

white blood cell.

Note: Data are expressed as percentages, mean + SD, or median [interquartile range].

treated with anticoagulants was relatively low, which may be
consistent with the fact that, at the time of inclusion of our
population, the relationship between COVID-19, thrombosis,
and death was still unclear.

During the follow-up, COVID-19 patients experienced
significantly more thrombotic events compared with CAP
ones (15.5 vs. 11.4%, respectively). Thrombosis typology was
also different as CAP was essentially complicated by arterial
ischemia such as myocardial infarction and stroke while no
symptomatic venous thrombosis was detected. The low
venous thrombosis incidence in CAP is in agreement with
our previous report of a prospective multicenter study
including more than 1,000 CAP patients?® showing the
absence of in-hospital DVT. However, this finding is appar-
ently in contrast with a recent study by Mei et al, who
reported 3.9% of venous thromboembolism in a retrospective
analysis of 360 patients affected by CAP.? The lack of infor-
mation regarding diagnostic work-up and clinical presenta-
tion (symptomatic vs. asymptomatic) makes difficult a
comparison with our report. As diagnostic work-up for
venous thrombosis was not routinely performed, we cannot
exclude that CAP could be complicated by asymptomatic
venous thrombosis. This is a crucial methodological issue as

we have previously shown that in acutely ill medical patients,
including patients with CAP,'® venous thromboses are es-
sentially asymptomatic and detectable at admission more
than during the intra-hospital stay.

At variance with CAP, COVID-19 population experienced
thrombosis in both artery and venous circulation with an
equivalent incidence rate. Separate analysis of COVID-19
population revealed, however, that the burden of thrombotic
events was much higher in ICU versus non-ICU with both
venous and arterial thrombosis being at least twofold more
frequent in ICU, suggesting that disease severity is a prereq-
uisite for the occurrence of thrombosis. The multivariable
logistic regression suggested that in CAP patients baseline
cardiovascular comorbidities play a synergistic role in in-
creasing thrombotic risk, while in COVID-19 patients the
severity of the infectious disease, as depicted by ICU admis-
sion, and D-dimer levels at admission seem to play a more
relevant role in thrombotic risk.

The difference in the incidence and typology of thrombo-
sis in CAP versus COVID-19 suggests also that the two
infections may display different mechanisms of thrombosis.
It is noteworthy, for instance, that we did not find any
difference of D-dimer in CAP with and without thrombosis,
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Table 5 Variables associated to thrombotic events in CAP and

COVID-19 patients

OR 95% Cl p-Value
Lower Upper
CAP?
Age (y)° 1.04 | 1.01 1.07 0.011
Heart failure 2.21 1.16 4.21 0.016
CAD 1.92 1-04 3.56 0.037
CURB-65 score® | 1.47 | 1.05 2.07 0.026
COVID-19¢
ICU-admission 414 | 2.34 7.34 <0.001
Age (y)° 1.02 | 1.01 1.04 0.013
Log (D-DIMER)® | 4.34 | 2.69 8.29 <0.001
All patients?
ICU-admission 5.60 2.34 9.52 <0.001
Age (y)° 1.03 | 1.01 1.04 <0.001
Log (D-dimer)® | 3.55 | 2.16 5.87 <0.001
CAD 1.70 | 1.09 2.65 0.018
Heart failure 1.75 1.10 2.78 0.017

Abbreviations: CAD, coronary artery disease; CAP, community-acquired

pneumonia; Cl, confidence interval; OR, odd ratio.

FAfter adjusting for sex, diabetes, arterial hypertension, chronic ob-
structive pulmonary disease, atrial fibrillation, smoking habit, hs-CRP,
albumin, D-dimer, creatinine, aspirin, anticoagulant use, and the
recruitment centers.

bFor each increasing unit.

“After adjusting for sex, diabetes, arterial hypertension, CAD, heart
failure, chronic obstructive pulmonary disease, atrial fibrillation,
smoking habit, hs-CRP, albumin, aspirin and anticoagulant use, and the
recruitment centers.

dAfter adjusting for sex, diabetes, arterial hypertension, chronic ob-
structive pulmonary disease, atrial fibrillation, smoking habit, hs-CRP,
albumin, creatinine, aspirin, anticoagulant use, and the recruitment
centers.

while D-dimer was significantly associated with thrombotic
events in COVID-19, suggesting a major role for clotting
activation in this last setting. Consistent with this, hypo-
fibrinolysis and low fibrinogen levels have been associated
with hypercoagulation and pulmonary thromboembo-
lism.2%21 This finding would imply a different pattern of
thrombotic risk, with COVID-19 being more prone to be
associated with factors eliciting clotting activation and
eventually thrombosis; conversely, the typology of throm-
bosis (essentially arterial) would suggest a major role for
platelet activation as a factor precipitating thrombosis in
CAP.%? Further studies are necessary to elucidate this issue.

A relevant difference between CAP and COVID-19 also
regarded the mortality risk, which was approximately five
times higher in COVID-19 (17%) compared with CAP (3.1%);
this difference, was, however, greatly influenced by COVID-
19 disease severity. Thus, overall survival analysis showed an
early curve divergence between CAP and ICU-COVID-19,
while the divergence was less impressive, but still significant,

Thrombotic Events in CAP and COVID-19 Cangemi et al.

A
R e
I_h_‘_|_| — —
i j‘_‘—\_.
B - —
9 ‘
EI' i 0001
2
= an—
g
F A
= AP patients
A - e Mo AT COVITE 1S patients
— [T COVID-19 patiests
0=
1 1 I I I 1 I I
0 2 4 & i 10 12 14
Days
B
L0 -
-1 | -
I
9 - e
—_
1
Bl - '_l_l
=
= —_
=
E 70 L«
= ;
& *p0.00]
=G0 -
=
c 4
@
S =
T s (roup 1 CAFP witho
40 = — Giroup 2 CAP with tl
s (roup 3; COVID-1%
1 — Giroup 4: COVID-1% with thrombotic events
)
1 1 ) ) T ) T T
L 4 6 L 1o 12 14

Days

Fig. 1 Time to mortality in CAP and COVID-19 patients according to
ICU admission (A) and in-hospital thrombotic events (B). “For group 1
versus group 2, 3, and 4; group 2 versus 4; group 3 versus 4. CAP,
community-acquired pneumonia; ICU, intensive care unit.

when comparing CAP versus non-ICU COVID-19 (~Fig. 1).
Age, male sex, chronic HF, COPD, CAD, and atherosclerotic
risk factors such as hypertension and diabetes, and ICU
admission were the clinical variables that distinguished
survivors from nonsurvivor COVID-19 patients; among the
laboratory variables WBC, hs-CRP, albumin, D-dimer, and
sPO2 distinguished the two subgroups. Multiple regression
analysis showed that thrombotic events were predictors of
mortality in both CAP and COVID-19.

In COVID-19, pneumonia severity, as assessed by the
CURB-65 score, heart failure, and serum albumin were also
independent predictors of death. The CURB-65 score?’ is a
predictive marker for mortality in CAP and, in accordance
with previous reports,23‘25 could be also used to predict
mortality in COVID-19 patients. It should be underscored,
however, in the multivariable analysis that COVID-19 pre-
dicted mortality independently upon its clinical features.
Data regarding the close relationship between albumin and
mortality are consistent with a previous report from our
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Table 6 Patients’ baseline characteristics according to mortality in CAP and COVID-19 patients

CAP patients COVID patients

Survivors Nonsurvivors p-Value Survivors Nonsurvivors p-Value
No. 542 17 481 98
Age 71.6+16.2 82.2+8.9 <0.001 63.2+15.6 76.2+11.4 <0.001
Male sex 62% 47% 0.212 54% 65% 0.044
ICU n.a. n.a. n.a. 9% 37% <0.001
Smoker 20% 12% 0.386 16% 16% 0.579
CAD 30% 35% 0.589 14% 28% 0.003
COPD 32% 47% 0.193 10% 22% 0.006
Diabetes 26% 18% 0.578 15% 26% 0.018
Hypertension 72% 76% 0.789 47% 61% 0.015
Paroxysmal AF 12% 18% 0.750 5% 12% 0.025
Chronic AF 14% 12% 0.814 4% 8% 0.087
Chronic heart failure 21% 41% 0.057 11% 33% <0.001
sPO2 (%) 93.4+6.9 92.2+8.2 0.918 94.7+5.9 89.4+6.5 <0.001
WBC (n/mm?) 9,860 [7,410-13,470] 12,880 [9,360-14,240] 0.069 5,900 [4,430-7,970] 7,180 [4,840-9,465] 0.027
PLT (n/mm?) x 10° 233 [179-300] 255 [194-299] 0.484 193 [159-246] 189 [129-248] 0.140
Hs-CRP (mg/L) 47 [15-131] 65 [21-93] 0.911 45 [18-117] 90 [39-198] <0.001
Albumin (g/L) 35 [31-38] 31 [29-39] 0.229 36 [32-40] 30 [28-34] <0.001
D-dimer (ng/mL) 1188 [556-2392] 982 [239-1684] 0.293 879 [445-1,920] 1394 [595-4,474] 0.005
CURB65 score 1.744+1.02 2.41+£0.94 0.008 1.60+1.21 2.74+0.88 <0.001

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CAP, community-acquired pneumonia; COPD, chronic obstructive pulmonary
disease, hs-CRP, high-sensitivity Greactive protein; ICU, intensive care unit; OACs, oral anticoagulants; PLT, platelets; sPO2, oxygen saturation; WBC,
white blood cell.

Note: Data are expressed as percentages, mean + SD, or median [interquartile range].

Table 7 Mortality in CAP and COVID-19 patients: COX regression analyses

HR 95% Cl p-Value
Lower | Upper
CAP?
Thrombotic events 4.29 1.60 | 11.52 <0.001
COVID-19°
Thrombotic events 2.15 1.38 3.31 <0.001
Heart failure 2.23 1.42 3.48 <0.001
CURB-65¢ 1.37 1.15 1.60 <0.001
Albumin® 0.89 0.85 0.93 <0.001
All patients®
Thrombotic events 2.58 1.75 3.79 <0.001
CURB-65°¢ 1.70 1.41 2.06 <0.001
Albumin® 0.88 0.85 0.92 <0.001
Heart failure 1.97 1.33 2.93 <0.001
COVID-19 vs. CAP 2.39 1.39 4.10 0.002

Abbreviations: CAP, community-acquired pneumonia; Cl, confidence interval; HR, hazard ratio.

FAfter adjusting for the CURB-65 score.

bAfter adjusting for age, sex, ICU admission, diabetes, arterial hypertension, coronary artery disease, heart failure, chronic obstructive pulmonary
disease, atrial fibrillation, smoking habit, hs-CRP, D-dimer, creatinine, aspirin, anticoagulant use, and the recruitment centers.

For each increasing unit.
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group showing that serum album <35 g/L is associated with
poor survival in COVID-19.2% The biological plausibility of
this finding may be in the fact that albumin is an acute-phase
reactant protein with anti-inflammatory, antioxidant, and
anticoagulant properties; thus, in case of its consumption (as
occurs in the case of acute or chronic inflammation)?’ the
body defense mechanisms are lowered. Further study is
necessary to assess if normalization of serum albumin levels
results in improving prognosis in COVID-19.

The study has implications and limitations. Compared
with CAP, COVID-19 patients have a worse intrahospital
clinical course as evidenced by the higher hospital length
stay; furthermore, our CAP cohort did not need ICU treat-
ment, thereby we cannot exclude a selection bias with an
inclusion of less severe CAP. However, the difference in
clinical outcomes persisted even when ICU COVID-19
patients were excluded from the analysis, reinforcing the
hypothesis that CAP and COVID-19 have a different clinical
course independently from disease severity. We cannot also
exclude that the difference rate of thrombosis between CAP
and COVID-19 could be even higher considering that at the
beginning of pandemic the thrombotic complications in
COVID-19 were likely underdiagnosed.

The typology of thrombosis (arterial in CAP, venous and
arterial in COVID-19) suggests different mechanisms of
disease and, perhaps, therapeutic approach. A retrospective
study highlighted the favorable impact of anticoagulants in
COVID-19 but the mortality was still elevated?®; hence,
inhibition of platelet function, which is also elevated in
COVID-19,%° may be another option to be considered in
future interventional trials. In this context, different options
could be considered, such as the use of corticosteroids, which
possess antiplatelet activity in vitro and in vivo’®3' or
infusion of albumin, which inhibits platelet aggregation via
an oxidative stress-mediated mechanism.3?

We reported anticoagulation used as thromboprophylaxis
at ward admission. Despite antithrombotic protocols were
similar between hospitals in Italy, we have no data about
preadmission thromboprophylaxis or changes on anticoagu-
lation therapy that could occur during hospitalization; thus,
we cannot evaluate if changes of anticoagulation could affect
the thrombotic rate. Noteworthy, only few CAP patients were
on heparin for thromboprophylaxis, while approximately
50% of COVID-19 patients were treated with heparin at
admission. Thus, it is important to underlie that venous
thrombosis was more common in COVID-19 despite the
more extensive use of thromboprophylaxis.

Another limitation of the study is the lack of serial
measurements of prothrombotic biomarkers that could pro-
vide more in-depth information about the pathobiology of
thrombosis in CAP and COVID-19.

Finally, the study has been performed in a Caucasian
population, thereby prospective study including also
non-Caucasian population is needed to confirm the
results.

In conclusion, the present study shows that, compared
with CAP, thrombosis is more frequent in COVID-19 and
associated with higher mortality risk. Early prediction of

Thrombotic Events in CAP and COVID-19 Cangemi et al.

at-risk patients and identification of more appropriate
antithrombotic treatment are needed to improve
survival.

What is known about this topic?

* Patients with community-acquired pneumonia (CAP)
and COVID-19 may experience thrombosis.

» Typology and incidence of thrombosis in the two
settings are unclear.

What does this paper add?

 Patients with COVID-19 display a higher incidence of
thrombosis compared with CAP (15.5 vs. 11.4%,
p=0.046).

* In CAP patients, thrombosis occurs essentially in the
arterial tree (11.4%), while both venous thrombosis
(8.3%) and arterial thrombosis (7.2%) are detectable in
COVID-19.
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