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Abstract. Background/Aim: Multiple reports from all over
the world link COVID-19 with endothelial/coagulation
disorders as well as a dysregulated immune response. This
study tested the hypothesis that immunostimulation will be
greater in COVID-19 patients than in patients with HINI
infection or bacterial sepsis. Also, whether an increase in
immune stimulation will be accompanied by a more severely
affected endothelium/coagulation system was examined.
Patients and Methods: Twenty-three septic patients, admitted
in the Intensive Care Unit (ICU), were enrolled (9 with
SARS-CoV-2, 5 with HINI pneumonia, 9 with bacterial
sepsis). Myeloperoxidase (MPO) activity along with certain
endothelial/coagulation factors were assessed on admission
(time point 1) and at either improvement or deterioration
(time point 2). Results: MPO levels were significantly higher
in COVID-19 patients compared to both other groups.
Furthermore, in patients with COVID-19, vWF levels did not
differ significantly, fVIII levels were lower while ADAMTS-
13 activity was higher compared to patients with HINI
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pneumonia and bacterial sepsis (a trend in the latter).
Conclusion: Increased immunostimulation was noted in
COVID-19 patients compared to other septic patients;
however, this was not accompanied by greater disturbance
of the clotting system and/or more severe endothelial injury.

Since the novel coronavirus disease (COVID-19) epidemic
broke out, knowledge of its underlying pathophysiology has
progressively risen. Among other peculiar features, immune
response dysregulation has been reported (1), e.g., high
levels of neutrophil extracellular traps (NETs) may
contribute to cytokine release and respiratory failure in these
patients (2). Moreover, there is increased interest regarding
the possible role of impaired microcirculation in the
pathogenesis of severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2) disease. Various reports from
all over the world link COVID-19 with endothelial
dysfunction (3) and coagulation abnormalities (4).

It has been already recognized that inflammation induced
during sepsis can trigger thrombosis. This phenomenon,
initiated by innate immunity activation, is referred to as
immunothrombosis (5). Thrombi formation in microvessels
is likely to play an important role in the body’s defense
against pathogenic invaders. However, if uncontrolled, it can
lead organ failure, endangering the life of the host.

A specific immune effector that has drawn interest, as it
has been associated with microthrombi formation, is the
neutrophilic enzyme myeloperoxidase (MPO). MPO is a
long-known lysosomal protein, stored in the azurophilic
granules of neutrophils and released into the extracellular
space during degranulation, as a response to infection or
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other inflammatory stimuli. MPO imparts its antimicrobial
properties by converting hydrogen peroxide into
hypochlorous acid (6). Aside from its antimicrobial
properties, the aforementioned enzyme seems to have pro-
thrombotic activity as it inhibits von Willebrand factor
(VWF) cleavage by ADAMTS-13 (a disintegrin and
metalloproteinase with a thrombospondin type 1 motif,
member 13) (7). MPO also participates in the neutrophil
extracellular traps (NETs) formation (8). MPO-DNA levels
have already been measured in COVID-19 patients and were
found to be elevated in a study that correlated SARS-CoV-2
infection with NETs formation (2).

Reports regarding specific differences of clotting and
immune system disorders between critically ill, COVID-19
patients and patients with sepsis of other etiology are scant.
We hypothesized that immunostimulation will be greater in
COVID-19 patients than in patients with HIN1 infection or
bacterial sepsis. Also, that the greater immune stimulation
will be accompanied by a more severely affected
endothelium/coagulation system.

The aim of this study was to investigate the immune system
activation, by measuring MPO levels, along with hemostatic
and endothelium related factors, in critically ill COVID-19
patients, compared to patients with HIN1 pneumonia or
bacterial sepsis, hospitalized to the Intensive Care Unit (ICU).

Patients and Methods

Patient cohort. This was a prospective, observational study that took
place in a 10-bed adult ICU during a 4-month period, between
January and April 2020. The study was conducted according to the
guidelines of the Declaration of Helsinki and approved by the
Institutional Ethics Committee of Sotiria Hospital, Athens, Greece
(Institutional Ethics Committee approval number: 8854/18-9-2020).
Patients themselves or their next of kin provided informed consent.
Patients with bacterial sepsis, HIN1 pneumonia or SARS-CoV-2
infection who met the sepsis criteria (9) at the time of ICU
admission were consecutively enrolled in the study. As it becomes
clear, the blood sampling took place during the first wave of the
pandemic and as a result none of the patients were vaccinated with
a SARS-CoV-2 vaccine.

Upon admission (baseline or time point 1), blood samples were
drawn and analyzed for routine laboratory parameters and each
enrolled patient’s Acute Physiology and Chronic Health Evaluation
(APACHE) II (10) and Sequential Organ Failure Assessment
(SOFA) (11) scores were calculated. Serum and plasma samples
were stored at -80°C in order to estimate ADAMTS-13 activity,
vWF, factor VIII (fVIII), antithrombin I (ATIII), protein C,
protein S, myeloperoxidase (MPO) and anticardiolipin antibodies
(ACA). vVWF/ADAMTS-13 ratio was also calculated. Assessment
of the same parameters and SOFA score calculation was repeated
when a significant change in the patients’ clinical condition was
noted, either remission or prominent deterioration (time point 2),
defined as elsewhere (12). Particularly, sepsis remission was defined
as: i) Improvement of the systemic inflammatory response
syndrome (SIRS) indices, mainly the temperature (T, 36°C<T<38°C)
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and the white blood cell count (WBC), 4,000/plsWBC=<12,000/pl
and <10% immature forms, ii) Hemodynamic stability for at least
24 h (systolic blood pressure =90 mm Hg and mean blood pressure
=65 mm Hg), with no need for vasoactive agents, and lactate
concentration <2 mEq/l, and iii) Recovery of organ failures
attributed to sepsis, with restoration of organ dysfunction variables
and a SOFA score reduction =2 compared to the SOFA score at time
point 1. Although SIRS criteria are no longer included in the current
definition of sepsis, we used these markers that are commonly used
by ICU physicians for the clinical assessment of the progress of
sepsis. If a patient was discharged from the ICU, being considered
cured by the ICU physicians, we recorded the parameter values on
the day of ICU exit. Also, sepsis deterioration was defined as: a)
Deterioration of hemodynamic instability, with a minimum score of
three points in the hemodynamic category, as settled on the SOFA
severity scale, and increase of lactate levels >1 mEq/l compared to
time point 1, up to a concentration of =2 mEq/I or increased needs
for vasoactive substances (norepinephrine increase >0.1 pg/kg/min,
addition of epinephrine), with the exception of hemorrhagic shock,
cardiogenic shock due to acute cardiac episode or obstructive shock,
and b) Deterioration of organ failure due to the septic syndrome,
with a subsequent SOFA score =1 increase compared to the SOFA
score at time point 1 (12).

The diagnosis of both SARS-CoV-2 and HIN1 infections were
made in the Hellenic Pasteur Institute by applying in-house real-
time polymerase chain reaction (RT-PCR) on bronchial secretions.
For bacterial infections, blood, urine, and bronchial secretion
cultures were utilized.

Biochemical indices. Serum Iron was measured by the Medilyzer®
Bx biochemical analyzer (MEDICON HELLAS S.A., Athens,
Greece) using the chemiluminescence method. Serum Ferritin values
were acquired by using the TheAlinityi Ferritin Immunoassay (Abbott
Laboratories, Chicago, IL, USA) which is a chemiluminescent
microparticle immunoassay (CMIA). d-dimers, ATIII, Prot C, free
Prot S, VWF activity, fVIII: d-dimers [INNOVANCE D-Dimer, a
particle-enhanced immunoturbidimetric assay for the quantitative
determination of cross-linked fibrin degradation products (D-dimers)],
ATIII [Berichrom® AT III (A)], fVIII (Coagulation Factor VIII
Deficient plasma), Protein C (ProC® Ac R**), free Protein S
(INNOVANCE Free PS Ag2), and VWF activity INNOVANCE
VWF Ac**) were determined by the Siemens coagulation analyzer
BCS/BCS XP System (Siemens Medical Solutions USA, Inc.,
Malvern, PA, USA), employing the chromogenic method. ADAMTS-
13 activity was measured by fluorescence resonance energy transfer
(FRET) technology (ADAMTS-13Activity Assay, ATS-13, GTI
Diagnostics, Waukesha, WI, USA) with a Fluoroskan Ascent
fluorometer (Thermo Scientific, Helsinki, Finland). Myeloperoxidase
values were determined by Quantikine® Human MPO Immunoassay,
employing ELISA (R&D Systems, Minneapolis, MN, USA). Anti-
cardiolipin antibodies were measured by QUANTA Lite® ACA
Screen III Assay, employing ELISA (R&D Systems).

Statistical analysis. Categorical variables were analyzed with the
Fisher’s exact test. Normality of continuous variables was assessed
with Kolmogorov-Smirnov test. Continuous variables (baseline and
time point 2) were compared with a non-parametrical method
(Wilcoxon’s test), while for comparisons of continuous variables on
time point 2 according to outcome (deterioration/improvement)
Mann-Whitney test was implemented. Repeatedly measured variables
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Table 1. Comparison of demographics and of clinical and laboratory parameters upon intensive care unit (ICU) admission among the 3 groups of

septic patients.

Variable Total COVID-19 HINI pneumonia Bacterial sepsis p-Value
(n=23) (n=9) (n=5) (n=9)
Male gender (%) 16 (69.6) 6 (66.7) 4 (80) 6 (66.7) 0.848
Age (years) 65.1£12.5 61.9+13.4 67+11.7 67.3x12.9 0.359
APACHE I1 19.6+8.7 14.3+5.2 25.8+11.5 21.3+7.7 0.069
SOFA 7.5+£2.0 6.6+2.1 7.2+1.5 8.6x1.7 0.100
ICU LOS (days) 15.9+11.1 15.4+5.6 20.2x16.1 13.9+12.2 0.440
Deterioration (%) 6 (26.1) 2(22.2) 0 (0) 4 (44 .4) 0.182
Time interval (days) 11.5£9.7 11.7£6.2 15.2+13.6 9.3x10.7 0.396
Ferritin (ng/ml) 954.3+600 1,333.7£429.2 607.3£513.8 767.6+630.4 0.047
d-dimers (mg/1)2 1.77 (0.98-3.94) 1.77 (0.78-3.87) 1.06 (0.96-18.73) 2.89 (1.26-6.8) 0.400
Fibrinogen (mg/dl) 624+193 727177 420+78 586176 0.035
WBC (/ul)? 12,230 (8,810-15,440) 11,320 (8,055-12,005) 16,820 (9,125-17,950) 13,950 (9,895-16,155) 0.079
Neutrophils (/ul) 9,937+4,030 7,678+3,141 11,076+5,009 11,562+3,567 0.082
PLT (x103)(/ul) 254.5+128.5 231.8+88.0 388.8+146.6 202.6+£109.6 0.05
Serum iron (mg/dl) 40.1+26.7 40.6+30.9 43.2+30.8 38.0+22.8 0.859
CRP (mg/dl) 16.1+94 16.8+7.7 11.9+94 17.8+11.3 0.527
PCT (ng/ml)? 0.7 (0.27-1.95) 0.54 (0.27-0.84) 0.31 (0.24-5.34) 1.79 (0.43-4.3) 0.233
ATIII (%) 80.5+33.3 77.3+35.9 86.7£22.0 80.2+38.5 0.820
Protein C (%) 70.2+56.8 53.9+15.0 59.9+159 92.3+87.2 0.267
Protein S (%) 92.9+25.5 86.9+26.8 97.4x14.7 96.3+29.9 0.713
vWF (IU/ml) 408.9+145.3 369.5+147.1 41271414 529.4+154.0 0.644
fVIII (%) 143.0+44.9 115.1£21.5 151.8+55.4 166.1+45.0 0.047
ADAMTS-13 (%) 51.5+£36.8 72.0£32.7 22.3+15.1 4724379 0.020
VWF/ADAMTS-13 ratio 28.2+36.7 1424273 39.2+32.4 36.2+45.5 0.084
MPO (ng/ml) 469.6+404.3 743.9+£357.5 267.5+319.3 307.6+£362.0 0.017
ACA (%) 10 (43.5) 6 (66.7) 2 (40) 2(222) 0.161

aMedian (interquartile range). Post hoc analysis for multiple comparisons was performed with Dunn’s test. APACHE: Acute physiology and chronic
health evaluation; SOFA: sequential organ failure assessment; ICU: intensive care unit; LOS; length of stay; WBC: white blood cell count; PLT:
platelets; CRP: C-reactive protein; PCT: procalcitonin; ATIII: antithrombin III; vVWF: von Willebrand factor; fVIII: factor VIII; ADAMTS-13: a
disintegrin and metalloprotease with thrombospondin type 1 motifs 13; MPO: myeloperoxidase; ACA: anticardiolipin antibodies.

were entered in linear regression models fitted with generalized
estimating equations (GEE), an extension of the generalized linear
model that accounts for within-subject correlation. Time was entered
as a two-level ordinal variable (level 1: baseline, level 2: time-point
2) and was treated as a within-subject correlation variable. GEE linear
models for various response variables (MPO, ADAMTS-13, vWF
etc.) were fitted and tested. Furthermore, more complex models with
various sets of explanatory variables were tested. In all GEE models
an unstructured correlation structure was used and the quasi
likelihood information criterion (QIC) was used for model selection.
Discriminating ability of MPO for COVID-19 was assessed with
receiver operating characteristic (ROC) analysis. Data analysis was
performed with SPSS 17.0 (IBM Corporation, NY, USA, 2008). For
all analyses, alpha was set at 0.05 (two-tailed).

Results

We studied 16 male and seven female patients, with a mean
age (£SD) of 65.1+12.5 years. All patients met the Sepsis-3
criteria. All patients were intubated and mechanically ventilated
upon their ICU admission. Septics with respiratory infection
(most of the cohort) had a PaO,/FiO, ratio less than 150.
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Mean ICU length of stay ICU-LOS) was 15.9+11.1 days.
Mean APACHE II score on admission was 19.6+8.7. Five
patients died in the ICU (21.7%). Nine patients were
diagnosed with COVID-19 infection, five patients with
HIN1 pneumonia and nine patients had bacterial sepsis.
Among the COVID-19 patients, 2 suffered from COPD, 1
from asthma, 3 from arterial hypertension and 2 from
diabetes. Four of them were active smokers. None of the
patients had heart failure of NYHA stage III or IV. In total,
in the present study, 9 patients had COPD, 5 had type II
diabetes mellitus, 9 had arterial hypertension, 2 had chronic
heart failure, and 1 had stage 3 chronic kidney disease. Eight
patients were active smokers, and 6 had a history of
dyslipidemia. Among the deceased patients, 4 had bacterial
Sepsis and 1 was a COVID-19 patient. None of the Influenza
patients died during their stay in the ICU.

Table I summarizes clinical and laboratory results of our
patient population on admission. Differences between the
baseline values (upon ICU admission, time point 1) and at
either improvement or deterioration (time point 2) are
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Table II. Endothelial and coagulation variables in septic patients upon ICU admission and at either sepsis remission (group A) or deterioration

(group B).
Group A (n=17) p-Value Group B (n=6) p-Value
Admission Improvement Admission Deterioration
(Time point 1) (Time point 2) (Time point 1) (Time point 2)
SOFA 7.1x1.9 2.6x1.7 <0.001 8.5+1.9 10.3£1.6 0.026
ATIII (%)* 89.7+£29.3 111.3+14.1 0.001 542+31.9 59.9+35.0 0.463
Protein C (%) 61.3x11.0 63.4£17.0 0.723 56 (27.3-147.5) 31.2 (14.6-54.4) 0.075
Protein S (%) 98.9+19.4 122.7£20.4 0.003 759+34.4 67.4+31.4 0.138
vWF (IU/ml) 413.4£1345 423.4£139.7 0.833 401.9 (206.1-599) 599 (592.4-599) 0.068
fVIII (%) 135.9+43.0 215.1+88.7 0.001 163.2+48.0 264.7+£58.2 0.028
ADAMTS-13 (%) 50.4+39.8 56.0+36.9 0.569 54.5429.5 38.8+22.9 0.043
vWF/ADAMTS-13 ratio 29.5+34.2 22.5+33.5 0.492 6.2 (3.2-37.6) 13.5 (10.2-54.7) 0.043
MPO (ng/ml) 451.7+408.5 508.1+422 .4 0.906 551.4 (63.9-913.1) 238.2 (86.8-567.0) 0.345

*ATIII at baseline was lower in septics who deteriorated compared to those who improved (p=0.02). ICU: Intensive care unit; SOFA: sequential
organ failure assessment; ATIII: Antithrombin III; vVWF: von Willebrand factor; fVIII: factor VIII; ADAMTS-13: a disintegrin and metalloprotease

with thrombospondin type 1 motif 13; MPO: myeloperoxidase.

Table III. Linear regression models for myeloperoxidase.

Myeloperoxidase (adjusted for APACHE II)

Infection type

Bacterial sepsis -5184 (-=708.6) — (-328.1) <0.001
HINI1 -415.5 (-671.5) — (-159.5) 0.001
Covid-19 (ref) 0
Myeloperoxidase (adjusted for vVWF)

Infection type

Bacterial sepsis -523.7 (-686.5) — (-360.9) <0.001
HINI -447.0 (-634.9) — (-239.1) <0.001
Covid-19 (ref) 0

ADAMTS-13 (per percentile increase) -32 (=5.7) - (-0.7) 0.013

ADAMTS-13: A disintegrin and metalloprotease with thrombospondin type 1 motif 13; APACHE: acute physiology and chronic health evaluation;

vWE: von Willebrand factor.

shown in Table II. Linear regression models for
Myeloperoxidase are displayed in Table III, while MPO
levels identified in each type of infection studied are
presented in Figure 1.

Most importantly, MPO was significantly higher in COVID-
19 patients compared to both other groups (Table II, Figure 1),
and this strong independent association persisted in all fitted
models, after adjustment for various potential confounders
(disease severity, organ failure, patient outcome). MPO
displayed good discriminating ability for COVID-19, with area
under curve (AUC) at baseline 0.86 (95% confidence
interval=0.66-1, p=0.005). A 258 ng/ml cutoff at baseline
displayed 89% sensitivity and 72% specificity for COVID-19
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detection. A 756 ng/ml cutoff at baseline displayed 86%
specificity for COVID-19 detection. At time point 2, regardless
of patient status (improvement/deterioration), MPO
discriminating ability persisted (AUC=0.83, 95% confidence
interval=0.62-1.0, p=0.01).

Discussion

The main finding of the study was the consistently elevated
MPO levels in patients with COVID-19 compared to
critically ill patients with HIN1 pneumonia or bacterial
sepsis, indicating an increased inflammatory response in the
context of innate immunity activation.
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Figure 1. Myeloperoxidase levels in each type of infection.

Levels of MPO-DNA along with cell-free DNA and
citrullinated histone H3 (Cit-H3), all markers of NETosis,
measured in COVID-19 patients, have also been found to be
elevated compared to healthy controls. Although NETSs exert
infection-containing action, upon dysregulation, become
sentinels of microvascular thrombosis and inflammation, as
observed -among others- in lung tissue of acute respiratory
distress syndrome patients. The clinical relevance of these
observations is magnified by the association of cell-free
DNA with acute-phase reactants, the correlation of MPO-
DNA with absolute neutrophil count and cell-free DNA, and
Cit-H3 correlation with platelet levels. Evidently, elevation
of both MPO-DNA and cell-free DNA has also been
identified among mechanically-ventilated patients as
compared to hospitalized patients breathing room air, further
highlighting the importance of a dysregulated MPO system
in the progression of COVID-19 (2).

MPO was negatively associated with ADAMTS-13 (Table
II), in accordance with studies showing that ADAMTS-13
activity is reduced when exposed to hypochlorous acid
produced by an MPO system (13). At the same time,
ADAMTS-13 activity was greater in COVID-19 patients,
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who had higher MPO levels compared to the other patient
groups. Although this may seem contradictory at first glance,
it should be noted that the latter refers to the recorded
absolute values of these biological molecules, while the
former to their concurrent change during the two time-point
period. There is, therefore, no question of a contradiction
between the recorded findings. No significant effect of MPO
was noted on other coagulation variables. Regarding the
MPO levels and their variation at the different time points in
the groups of patients studied, pertinent remarks are provided.

In the entire patient cohort, MPO levels increased when
septic condition improved and decreased when septic
condition worsened (although the differences were not
statistically significant); that is reminding that MPO system
plays a very important role in the microbicidal activity of
phagocytes, decisively contributing to the effective
management of the infectious invaders, i.e., MPO is
primarily considered a friend of the human organism, not a
foe (14). On the other hand, MPO levels in COVID-19
patients remained elevated at both, improvement, and
deterioration. Indeed, persistently high inflammatory activity
may be observed for a long period of time after an acute
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infectious disease; thus, in patients treated for an infectious
disease (i.e., community acquired pneumonia), certain
inflammatory markers may remain elevated even after
hospital discharge, being associated with increased mortality,
even a year later (15). Particularly relating the MPO system,
a dual role of MPO has been proposed in immune response;
thus, apart from its apparently beneficial role, MPO may also
have harmful effects, disturbing tissue homeostasis and being
involved in the pathological process of tissue damage and
disease progression (16).

The above observations actually point to the fact that
infection by a pathogenic microorganism and the body’s
response to it is a complex phenomenon, which can take
different clinical forms, from a cataclysmic inflammatory
response to an absolute immune paralysis. The effect of any
individual biomolecule activity on outcome cannot be
simplistically and unambiguously determined/predicted.
Even more so, since the onset of this disease is still only
recent, and its specific behavior, evolution and possible long-
term effects are under constant scrutiny.

Finally, in patients with COVID-19, vWF levels did not
differ significantly, fVIII levels were lower while ADAMTS-
13 activity was higher compared to patients with HIN1
pneumonia and bacterial sepsis (a trend in the latter). Thus,
coagulation/endothelial disorders appeared to be less
pronounced in COVID-19 patients. To note, COVID-19
patients did not have clinical signs of microangiopathy.

In the whole cohort, VWEF/ADAMTS-13 ratio increased
with disease severity, as previously shown (17). High ferritin
and fibrinogen levels as acute-phase reactants were also
confirmed in our cohort of COVID-19 patients (18).

As shown in Table II, at deterioration, the observed
hemostatic factor changes were rather expected with patients
that deteriorated having higher VWF/ADAMTS13 ratio.
Interestingly, at improvement, (a point when patients were
considered able to exit ICU) factors associated with endothelial
injury/activation (e.g., fVIII, vWF) did not improve, in
accordance with previous studies (12). Hence, endothelial
damage appears to persist for some time following the septic
stimulus (19); in another study, secondary activation of oxidase
system in circulating phagocytes, long after the clinical
syndrome has resolved, was observed (20).

Limitations. A limitation of this study is the small number of
patients enrolled. Nevertheless, the main finding of our study
(MPO difference), in the cohort of the consecutive patients
studied, is robust, persisting in all fitted models. Moreover, as
the disturbance of certain coagulation/endothelial factors, that
were assessed in the same cohort of patients at the same time
points, has generally been associated with enhanced immune
stimulation, our results do not prevent some conclusions from
being drawn: i.e., greater immune stimulation in COVID-19
does not appear to be a sufficient, at least, condition for causing
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more severe coagulation/endothelial disorders; other factors
might possibly play an important role. Nevertheless, further
studies are likely to decide whether it is a necessary condition.

Conclusion

In conclusion, immune system stimulation was enhanced in
COVID-19 septic patients compared to patients with HIN1
pneumonia or bacterial sepsis; however, this did not result in
greater disturbance of the clotting system and/or more severe
endothelial injury.
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