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Abstract

Venous thromboembolism (VTE), clinically manifested as deep vein thrombosis (DVT) or acute
pulmonary embolism (PE), is the third most common acute cardiovascular syndrome following myocar-
dial infarction and stroke. The annual incidence of PE is between 39 and 115 per 100,000 inhabitants.
The incidence of VTE is almost eight times higher in people aged 80 and older than in the fifth decade
of life. We performed a retrospective study of 226 COVID-19 patients and selected group of patients
who experienced a pulmonary thrombotic event. The incidence of PE in hospitalized COVID-19 patients
was approximately 1.9-8.9%. The retrospective nature of the analyzed cohorts and relatively short
observation periods could have led to underestimation of the actual incidence of PE. This study under-
lines the role of novel inflammatory biomarkers such as neutrophil to lymphocyte ratio and platelet to
lymphocyte ratio in patients with a pulmonary thrombotic event in COVID-19. We suggest that these
biomarkers may have high assessment value and complement routinely used biomarkers.
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Introduction

Venous thromboembolism (VTE), clinically man-
ifested as deep vein thrombosis (DVT) or acute pulmo-
nary embolism (PE), is the third most common acute
cardiovascular syndrome following myocardial infarction
and stroke [1]. The annual incidence of PE is between
39 and 115 per 100,000 inhabitants. The incidence of VTE
is almost eight times higher in people aged 80 and older
than in the fifth decade of life [2]. Therefore, with the incre-
asing age of the population, long-term studies show an
increasing tendency in the annual incidence rates of PE
over time [3-6]. A recent analysis from the World Health
Organization (WHO) mortality database (2000-2015)
found an average of 38,929 PE-related deaths each year
in 41 countries of the WHO European Region (including
Central Asia) representing a population of approximately
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651 million [7]. Between 2000 and 2015, the annual
age-standardized death rates associated with PE decreased
by almost 50% (from 12.7 to 6.5 deaths per 100,000 inhab-
itants) with no significant gender differences. Despite this
overall positive trend, the study also found that PE-relat-
ed mortality continues to increase exponentially with age,
reaching or even exceeding 80 deaths per 100,000 elderly
population, and that PE also remains a relatively important
cause of (in comparison with other causes) deaths among
younger women, in whom it accounted for up to 13 cases
per 1000 deaths [7, 8].

COVID-19 first occurred in Wuhan (Hubei province)
and the cause of the infection was soon identified as a coro-
navirus [1]. However, a great number of cases occurred
without any in the Huanan animal market, which sug-
gested human-to-human transmission. Since the outbreak
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of coronavirus disease 2019 (COVID-19), clinicians have
struggled with the attempt to diagnose and manage the se-
vere and fatal complications of COVID-19 appropriately.
Several reports have described significant procoagulatory
events, including life-threatening pulmonary embolism
in these patients [9-58]. SARS-CoV-2 invades the host
cell by using the superficial S protein complex (spike
protein complex). The complex consists of two subunits:
S1 and S2. The S1 domain binds the appropriate recep-
tor on the host cell surface, and, at the same time, the S2
domain is responsible for membrane fusion [10]. Sever-
al studies have pointed to the ACE2 host cell receptor as
a crucial molecule in SARS-CoV-2 invasion.

While ACE2 mRNA is found in all organs, ACE2
protein expression is detected in the heart, kidney, tes-
tis, lung type I and type II alveolar epithelial cells, nasal,
and oral mucosa and nasopharynx (basal layer of the non-
keratinizing squamous epithelium). Additional tissues
include smooth muscle cells and endothelium of vessels
from the stomach, small intestine and colon, in smooth
muscle cells of the muscularis mucosae and the muscu-
laris propria, in enterocytes of all parts of the small in-
testine including the duodenum, jejunum, and ileum (but
not the colon), skin (basal cell layer of the epidermis ex-
tending to the basal cell layer of hair follicles, smooth
muscle cells surrounding the sebaceous glands, cells
of the eccrine glands), endothelial, and smooth muscle
cells of the brain.

Affinity to the infected tissue shown by coronaviruses
(CoVs) is dependent on surface cell ACE-2 expression.
Recent publications suggest stronger affinity to ACE-2
presented by SARS-CoV-2 than to other known CoVs
[11-13, 47-49]. The activity of S1 and S2 domains is
controlled with the assistance of many enzymes such as
cathepsin L, furin and transmembrane protease serine 2
(TMPRSS2). All of these enzymes are present in vari-
ous tissues of the intestine, liver and lungs. It proves that
SARS-CoV-2 could invade different systems and organs.
A two-step model of cleavage was proposed: first sepa-
rating S1 and S2, second activating the S2 site. S proteins
could be cleaved by one of the specific proteases mentioned
above. Co-expression of TMPRSS2 and ACE2 was found
in pneumocytes, indicating the importance of TMPRSS2
in SARS-CoV-2 invasion. TMPRSS2 as a transmembrane
enzyme cleaves the S1/S2 complex and activates the S2
domain. TMPRSS2 acts in the lumen of the viral endo-
cytic vesicle. Interestingly, TMPRSS2 cleaves S proteins
in many sites, creating molecules of 85, 110, 150, 45 and
55 kDa. Cleavage controlled by TMPRSS2 corresponded
to SARS-CoV-2 infectivity [21, 45-48].

Material and methods

We performed a retrospective study on a group of
226 COVID-19 patients and selected group of patients who
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experienced an episode of pulmonary embolism. The an-
alyzed group consisted of 136 men and 90 women with
a mean age of 70 years (26-83). The two groups of pa-
tients were divided based on the percentage of the involved
pulmonary tissue. Analyzed patients were hospitalized in
Provincial Specialist Hospital Cardinal Stefan Wyszyriski
in Lublin.

All components were classified in accordance with
the applicable regulations on sensitive data. Several se-
lected inflammatory markers such as C-reactive protein,
D-dimer, lymphocyte count, platelet count, as well as
novel inflammatory biomarkers such as neutrophil to lym-
phocyte ratio and platelet to lymphocyte ratio, were ana-
lyzed. The neutrophil to lymphocyte ratio is calculated by
dividing the absolute count for neutrophils by the absolute
count for lymphocytes, while the platelet to lymphocyte
ratio is calculated by platelet count divided by absolute
lymphocyte count.

Each patient underwent high resolution computed to-
mography. The images were assessed by an experienced
radiologist.

The study achieved full approval of the Medical Uni-
versity of Lublin Ethics Committee. Every single stage
of the performed study was carried out in compliance with
the Helsinki Declaration and national legislation.

Statistics

The data collected in this way were compiled and an-
alyzed using Statistica TIBCO® Data Science software
version 13.3 (http://statistica.io.) and an Excel spreadsheet.

Results

Two groups were distinguished among analyzed pa-
tients. The first group consisted of patients with < 50%
of lung capacity changes seen in high resolution tomog-
raphy scan, which covered 167 patients. The second
group, with long capacity changes over > 50%, consisted
of 79 patients. Among those there were 136 men (60%)
and 90 women (39%) with the mean age of 70 years.

Previously mentioned inflammatory parameters were
measured. A detailed descriptive analysis is presented in
Tables 1-3.

Presented data were analyzed using the Spearman cor-
relation coefficient, which revealed a statistically signif-
icant result regarding analyzed parameters, as presented
in Table 4 (p < 0.05). A positive correlation was observed
for C-reactive protein, neutrophil levels as well as neutro-
phil to lymphocyte ratio and platelet to lymphocyte ratio.
A negative correlation was observed for lymphocyte count.
Interestingly, there was no correlation for D-dimer, platelet
count or interleukin 6 (IL-6) level.

In this study the analysis of both groups was per-
formed, using the Mann-Whitney U-test, which showed
statistically significant results between groups. The group
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Table 1. Combined presentation of gathered data. N is the number of performed analyses of selected parameters. Some
of the parameters were measured more than once

Variable Combined data
n Mean Median Minimum Maximum SD Standard error

D-dimer (ug/l) 632 3922.340 1181.000 0.07000 128000.0 11239.11 447.068
CRP (mg/l) 813 82.239 42.100 0.05000 2285.0 165.32 5.798
Neutrophils (10%/ul) 769 7.034 6.150 0.00000 24.6 4.35 0.157
Lymphocytes (10%/ul) 769 1.500 0.980 0.03000 107.5 597 0.215
Platelet count (10%/pl) 769 224.210 212.000 9.00000 931.0 107.07 3.861
Interleukin 6 68 2756.749 76.600 2.03000 54253.0 11169.05 1354.446
Neu/Lym ratio 769 9.626 6.000 0.00000 68.3 10.03 0.362
PLT/Lym ratio 769 272.109 212.069 1.23568 1773.1 219.46 7914

Table 2. Presentation of gathered data in patients with < 50% of lung capacity changes.
analyses of selected parameters. Some of the parameters were measured more than once

N is the number of performed

Variable < 50% of lung capacity changes
n Mean Median Minimum Maximum SD Standard error

D-dimer (ug/l) 452 3312.961 1156.000 0.07000 122705.0 10060.32 473.197
CRP (mg/l) 583 84.129 38.100 0.05000 2285.0 189.49 7.848
Neutrophils (10%/ul) 550 6.478 5.525 0.00000 24.5 4.28 0.182
Lymphocytes (10%/ul) 550 1.188 1.050 0.03000 7.0 0.79 0.034
Platelet count (10%/pl) 550 219.336 205.000 9.00000 931.0 114.59 4.886
Interleukin 6 41 4369.145 158.000 8.60000 54253.0 14207.22 2218.794
Neu/Lym ratio 550 8.175 5.024 0.00000 54.7 8.65 0.369
PLT/Lym ratio 550 241.751 186.680 26.11465 1773.1 192.79 8.221

Table 3. Presentation of gathered data in patients with < 50% of lung capacity changes. N is the number of performed

analyses of selected parameters. Some of the parameters were measured more than once

Variable > 50% of lung capacity changes
n Mean Median Minimum Maximum SD Standard error
D-dimer (ug/l) 180 5452.561 1368.000 225.0000 128000.0 13674.46 1019.234
CRP (mg/l) 230 77.447 55.150 0.4100 324.0 74.97 4.944
Neutrophils (10%/ul) 219 8.431 7.950 1.5300 24.6 4.22 0.285
Lymphocytes (10%/ul) 219 2.285 0.770 0.2100 107.5 11.10 0.750
Platelet count (10%/pl) 219 236.452 230.000 65.0000 533.0 84.28 5.695
Interleukin 6 27 308.295 32.500 2.0300 3849.0 780.49 150.206
Neu/Lym ratio 219 13.270 9.526 0.0771 68.3 12.14 0.820
PLT/Lym ratio 219 348.351 297.600 1.2357 1695.2 260.60 17.609
that consisted of patients with < 50% of lung capacity Discussion

changes had higher parameter values for each analyzed
parameter. Especially, the statistical significance of novel
inflammatory markers was much higher than standard in-
flammatory markers such as C-reactive protein and IL-6

(Table 5).

The incidence of PE in hospitalized COVID-19 patients
is approximately 1.9-8.9% [36, 40, 50, 51]. The retrospec-
tive nature of the analyzed cohorts and relatively short
observation periods could have underestimated the actual

incidence of PE. Critical COVID-19 patients requiring
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Table 4. Spearman correlation coefficient analysis results

Variable

% lung capacity changes

D-dimer (ug/l) 0.077
CRP (mg/l) 0.230*
Neutrophils (10%/ul) 0.338*
Lymphocytes (10*/ul) -0.216*
Platelet count (10%/ul) 0.034
Interleukin 6 -0.171
Neu/Lym ratio 0.344*
PLT/Lym ratio 0.288*

admission to the ICU seem to be at higher risk of throm-
boembolic complications, especially PE, which may occur
in up to 26.6% of these patients [43]. In a prospective ob-
servational study involving 150 patients admitted to four
ICU wards in two French hospitals, despite antithrom-
botic prophylaxis, the occurrence of PE was observed in
16.7% of treated patients [38]. The authors also reported
that thromboembolic events occurred more frequently in
patients with acute respiratory distress syndrome (ARDS)
in COVID-19 patients compared to the historic ARDS
cohort of a different etiology, underlining the unique
procoagulatory effect of COVID-19 compared to oth-
er etiologies of ARDS. In a retrospective cohort of 184
COVID-19 patients admitted to the ICU in three hospitals
in the Netherlands, it was found that 13.6% of patients
developed PE despite anticoagulation [39]. Interesting-
ly, the incidence of PE increased to 33.3% when the fol-
low-up period was extended from 1 to 2 weeks [46], at
a time when increased awareness of the frequent occur-
rence of PE could lead to a higher rate of suspicion and
extended diagnosis to detect this complication. Similar-
ly, Poissy et al. reported that 20.6% of patients admitted
to a French ICU had pulmonary embolism on average
6 days after admission to the ICU despite the use of an-
ticoagulants [41]. These authors also found that the inci-
dence of PE in COVID-19 patients was twice as high as

Table 5. Mann-Whitney U-test statistical analysis

in patients admitted to the ICU as a control group and in
40 patients admitted to the ICU due to severe influenza.
Abnormalities in various coagulation parameters have
been frequently reported [49, 50] and were associated with
poor prognosis [51].

Platelet to lymphocyte ratio (PLR), a novel marker of in-
flammation, was identified in several studies as an increased
inflammatory response marker, suggesting worse prognosis
and higher intensity of cytokine storm [59] (Fig. 1).

A meta-analysis performed by Simadibrata et al.
showed that a high PLR value was associated with severe
COVID-19 [60]. Chung ef al. claim that increased plate-
let activation occurs in acute PE, a higher RV/LV ratio
reflecting a larger PE burden that may correspond to in-
creased platelet consumption and therefore a smaller PLR
[61]. This statement was confirmed by Phan et al., who
found that PLR was significantly lower in patients with
massive PE compared to patients with low-risk PE [62].
In this study platelet-to-lymphocyte ratio (PLR) was much
higher in the group with < 50% of lung capacity changes
in HR CT, which would be consistent with the hypoth-
esis of Phan er al. Moreover, they also analyzed neutro-
phil-to-lymphocyte ratio and found out that a decrease in
lymphocyte count coupled with minimal change in neu-
trophil and platelet counts influenced the increase in neu-
trophil-to-lymphocyte ratio (NLR) and PLR in nonsurvi-
vors and the increased NLR and PLR were correlated with
proinflammatory state. This study shows a similar positive
correlation of NLR and negative correlation of lymphocyte
count compared to the level of lung tissue involvement in
HR CT.

Interleukin 6 is a soluble pro-inflammatory and immu-
noregulatory cytokine that contributes to host defense by
stimulating acute phase responses, hematopoiesis and im-
mune responses. Previous studies have shown significant-
ly increased expression of IL-6 in both DVT patients and
animal models. Moreover, blockade of IL-6 in a mouse
study with the use of a specific antibody inhibited the for-
mation and development of thrombosis [54-58]. In addi-
tion, the diagnosis of pulmonary embolism uses the level

Parameter <50% of lung > 50% of lung )/ < 50% of lung > 50% of lung
capacity changes capacity changes capacity changes () capacity changes (n)

D-dimer (ug/l) 138725.0 61303.0 0.036 452 180

CRP (mg/l) 229436.5 101454.5 0.0092 583 230
Neutrophils (10%/ul) 192877.5 103187.5 0.000000 550 219
Lymphocytes (10*/ul) 222506.5 73558.5 0.0001 550 219

Platelet count (10°/pl) 203332.5 92732.5 0.0024 550 219
Interleukin 6 1578.0 768.0 0.04 41 27
Neu/Lym ratio 192616.0 103449.0 0.000000 550 219
PLT/Lym ratio 193853.0 102212.0 0.000000 550 219
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Fig. 1. The role of neutrophils and platelets in the cytokine storm during COVID-19 infection. The activation of neutro-
phils induces selected cytokine production, which contributes to the cytokine storm and thus results in ARDS. Interaction
of SARS-CoV-2 with TLR 7/8/9 results in the formation of neutrophil extracellular traps (NET), which are web-like
chromatin structures produced by neutrophils. The interaction of fibrin and platelets with NET can cause thrombosis

in several organs, especially the lungs

of D-dimers. In a study by Kara et al., compared to pa-
tients who did not have pulmonary embolism, patients with
pulmonary embolism had a significantly higher mean level
of D-dimers (pulmonary embolism, 6 +7 pug/ml; no pul-
monary embolism, 1 +1 pg/ml, p = 0.001) [63]. Although
statistically significant, this study shows that common in-
flammatory and thrombotic markers such as D-dimer level
and IL-6 level have rather weak significance compared to
novel inflammatory biomarkers when analyzing pulmo-
nary embolism in COVID-19.

Conclusions

This study underlines the role of novel inflammatory
biomarkers such as neutrophil to lymphocyte ratio and
platelet to lymphocyte ratio in patients with pulmonary
embolism in COVID-19. We suggest that these biomarkers
may have higher assessment value compared to routinely
used biomarkers.

Limitations

There are some limitations of this study that have to
be acknowledged. Large population studies should be car-
ried in order to assess the importance and clinical useful-
ness of selected biomarkers. In this study a clinical control

Central European Journal of Immunology 2023; 48(3)

group would enhance the usefulness of selected biomark-
ers in COVID-19. In addition, for all the patients recruited,
the registration of chronic conditions was not possible, due
to the heterogeneity of data collections in the different wards.

The authors declare no conflict of interest.
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