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Abstract

Objective: This study aimed to investigate how extended inflammation markers (EIM) and soluble fibrin monomer
complex (SFMC) affected the prognosis of COVID-19-infected patients in the intensive care unit (ICU).

Methods: In this study, 73 adults with COVID-19 were included. Patients were divided into two groups: those who died
(Group 1; n = 45) and those who survived (Group 2; n = 28). SFMC and EIM [neutrophil reactivity index (NEUT-RI) and
neutrophil granularity index (NEUT-GI), reactive lymphocyte (RE-LYMPH), antibodies synthesizing lymphocyte (AS-
LYMP), neutrophil/lymphocyte ratio (NLR) and immature granulocyte/lymphocyte ratio (IGLR)], were analyzed in the
first 28 days of these patients' follow-up.

Results: The median NLR during the first four weeks, IGLR in the first two weeks, RE-LYMPH in the first three weeks,
NEUT-RI and NEUT-GI values in the second week, and AS-LYMP in the third week of follow-up were significantly
higher in Group 1 than in Group 2 (p<0.05). The median D-Dimer level during the first three weeks and SFMC value in
the first week of follow-up were significantly higher in Group 1 than in Group 2 (p<0.05). In patients with COVID-19,
older age (=65 years), nosocomial infection, blood product use, longer ICU stay (>7 days), high DIC (>5), and
comorbidities (>3) scores were all risk factors for mortality. In ROC analysis, the cut-off values for NLR and SFMC to
predict mortality were 6 and 6.5, respectively.

Conclusion: Our data show that elevated NLR and SFMC values in the first week should alert physicians to the risk of
life-threatening COVID-19 complications.
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Introduction

Coronavirus disease 2019 (COVID-19) may cause a wide range of clinical
symptoms, from asymptomatic infections to fatal disorders.1 In this SARS-
CoV-2 viral infection, a mechanism known as immunothrombosis develops,
in which the immune and coagulation systems collaborate to stop infections
and limit their spread.1,2 Clinicians required quick, low-cost, and routine
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measures to predict the severity of the disease and demonstrate the
dysregulated immune response during the pandemic period. C-reactive
protein, ferritin, D-dimer, and lactate dehydrogenase are all easily measured
parameters that are routinely used to predict severe disease and mortality.3-
5 In recent years, extended inflammation markers (EIM) that can reveal the
activation and functional status of the leukocyte series with the onset of an
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inflammatory stimulus (neutrophil reactivity and granularity index showing
neutrophil activation, immature granulocytes (IG) indicating neutrophil
precursors and antibody synthesizing lymphocytes) have been performed in
parallel with technological developments.6 This information can be utilized
to influence the severity of the immune response and the course of the disease
in the early stages of infection.7,8 In addition to D-dimer, soluble fibrin
monomer complex (SFMC) can be assessed in a coagulation device, which
is considered an early indicator of thrombosis.9 SFMC is significantly
elevated at the onset of thrombotic diseases such as myocardial infarction
(MI) or deep vein thrombosis (DVT) and is a better indicator than fibrin
degradation products (e.g., D-dimer) in revealing disseminated intravascular
coagulation (DIC).10,11 Although there is no study in the literature that
evaluated the EIM and SFMC together in determining the prognosis of
COVID-19 patients, there are a few studies that evaluated the EIM and
SFMC separately in terms of the effects on disease prognosis.12-17 We
investigated how changes in EIM and SFMC levels predicted mortality in
COVID-19 patients who needed intensive care unit (ICU) in our research.

Materials and methods

The cross-sectional study examined COVID-19 patients at the ICU of Gazi
University Faculty of Medicine Hospital between April 2020 and December
2021. The ethics committee of the Gazi Clinical Research Ethics Committee
approved the study.

Study Population

Adult patients (>18 years old) with ICD U07.3 who were hospitalized in the
ICU and tested positive for SARS-CoV-2 PCR in nasopharyngeal,
oropharyngeal, or lower respiratory tract samples were included in the study.
Patients infected with other viruses have been excluded.

Study Design

Patients were categorized into two groups based on their survival status:
those who did not survive (Group 1; n = 45) and those who did survive
(Group 2; n = 28). The hospital's record system was used to access detailed
file information for each patient. Comorbidities (chronic heart failure,
chronic lung disease, chronic renal disease, cancer, diabetes mellitus, etc.)
were recorded for each patient, and the Charlson Comorbidity Index18 was
calculated. During ICU monitoring, thromboembolic events (pulmonary
thromboembolism, DVT, MI, acute stroke), clinically apparent DIC
(bleeding or thrombosis), and nosocomial infections were documented.
COVID-19 pneumonia severity and the need for ICU were recorded
throughout the study, and treatments were planned following the Turkish
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Ministry of Health's COVID-19 Diagnosis and Treatment Guidelines.19
Blood products, Convalescent plasma, steroids, and tocilizumab were used.

Laboratory Parameters

Blood samples for complete blood count (CBC) parameters containing
extended inflammation parameters, as well as coagulation tests including
SFMC, were collected from these patients at the following time intervals:
during the first week (0-7 days), second week (8-14 days), third week (15-
21 days), and fourth week (22-28 days) following the initial diagnosis. The
automated blood cell analyzer Sysmex XN® 1000 (Sysmex Corporation,
Kobe, Japan) was used to assess routine CBC samples as well as the extended
inflammatory parameters. Among these variables, neutrophil reactivity
index (NEUT-RI), neutrophil granularity index (NEUT-GI), reactive
lymphocytes (RE-LYMPH), and antibody-synthesizing lymphocytes (AS-
LYMPH) were studied as research parameters beyond routine assessments.
In addition, neutrophil-to-lymphocyte ratios (NLR) and immature
granulocyte-to-lymphocyte ratios (IGLR) were calculated.

A coagulation device (Diagnostics Stago®, Asniéres sur Seine, France) was
used to perform tests on soluble fibrin monomer complex and D-dimer. All
hemostatic parameters were used to calculate DIC scores based on
ISTH.20,21 All recorded laboratory parameters are presented in Table 1.

Statistical Analysis

The SPSS 22.0 statistical program (SPSS, Inc., Chicago, IL, USA) was used
to analyze all data. Continuous variables with a normal distribution were
given as mean and standard deviation (SD), while non-normal variables were
reported as median and interquartile ranges (IQR). The categorical variables
of the patients were recorded as counts and percentages, and they were
compared using the chi-square test and the resulting Odds ratio (OR) and
95% confidence intervals (95% CI). Non-parametric data were evaluated
using the Mann-Whitney U test, and parametric data were evaluated using
the student t-test. To assess the predictive usefulness of EIM and SFMC in
predicting mortality among COVID-19 patients, ROC curves were generated
and the area under the curve (AUC) was calculated. A p-value of less than
0.05 was considered statistically significant.

Results

During the follow-up period, 45 patients in Group 1 died (62%) while 28
patients in Group 2 survived (38%). Gender distribution did not differ
statistically between the two groups (Table 1).

Nonsurvivor | Survivor | p OR(95%CI)3
n=45 n=28 value
Gender, n (%)
Male 27(60%) 19(68%) | 0.33
Female 18(40%) 9(32%)
Age, n (%)
< 65 year 9(20%) 21(75%) | 0.0001 | 4.3(2.0-8.8)
> 65 year 36(80%) 7(25%)
Charlson comorbidity
index, n (%)
<3 16(36%) 22(78%) | 0.001 | 3.3(1.5-7.3)
>3 29(64%) 6(22%)
Treatment types, n (%)
Convalescent plasma 16(36%) 6(22%) 0.15
Blood product 17(38%) 3(10%) 0.01 3.1(1.0-9.2)
Steroids 28(64%) 16(58%) | 0.42
Tocilizumab 20(44%) 16(42%) | 0.54
Nosocomial infection, n | 33(74%) 2(7%) 0.0001 | 11.9(3.0-
(%) 46.8)
DIC! score, n (%)
>5 15(34%) 2(7%) 0.008 | 3.9(1.0-14.9)
<5 30(66%) 26(93%)
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Thromboembolic events, n | 6(14%) 0(0%) 0.07

(%)

Length of stay in ICU?

(days), n (%)

>7 40(91%) 12(%41) | 0.0001 | 3.5(2.0-6.1)
<7 4(9%) 17(%59)

Table 1. Demographic data and risk factors for mortality in COVID-19 patients 1Disseminated intravascular coagulation (DIC), 2 Intensive care unit (ICU),

30dds Ratio (OR), Confidence interval (CI).

Changes in Extended Inflammatory and Coagulation Parameters During 28
days

The median NLR level was significantly higher in nonsurvivors than in
survivors during the first four weeks of follow-up (p<0.05). The median
IGLR level was significantly higher in nonsurvivors than in survivors during
the first two weeks of follow-up (p<0.05). During the first three weeks of
follow-up, the median RE-LYMPH count and percentage were significantly
higher in nonsurvivors than in survivors (p <0.05). In the second week of
follow-up, nonsurvivors had significantly higher median NEUT-RI and

NEUT-GI levels than survivors (p<0.05). In the third week of follow-up, the
median AS-LYMP count and percent were significantly greater in
nonsurvivors than in survivors (p<0.05). The median D-Dimer level was
significantly higher in nonsurvivors than in survivors during the first three
weeks of follow-up (p<0.05). The median SFMC value in the first week of
follow-up was significantly higher in nonsurvivors than in survivors
(p<0.05). Other parameters showed no significant differences between
groups (p>0.05) (Table 2).

Median 0-7 day 8-14 day 15-11 day 22-28 day
(IQR)
Non- Survivor r Non- Survivor Non- Survivor r Non- Survivor r
survivor n-28 value | survivor 125 value SUrvivor 1-20 value | survivor n-9 value
n-435 n-40 n-30 n-10
NLR! 10.1 41 0.001 18.7 74 0.000 216 42 0.000 146 26 0.01
(54167 | (3.0-8.5) (11.6- (4.1-10.5) (151202 | (23-59) 1 (8.8-32.7) | (1.7-12.6)
28.0)
IGLR? 9.9 35 0.01 3735 138 0.003 250 172 0.08 16.9 53 0.21
(5.927.4) | (22-12.4) (17.4- (7.0-38.2) (13.6-63.4) | (4.1-32.8) (5.2-46.7) | (1.2-23.6)
104.7)
NEUT- 495 493 0.76 301 483 0.04 34 409 0.09 320 319 0.83
RE (44.7- (393- (40.9- (40.3- (44.7-76.3) (44.7- (44.1- (47.1-
60.1) 61.9) 63.7) 4.7 68.8) 4 69.6)
NEUT- 153.3 1525 041 1541 150.8 0.02 1549 1556 0.23 1579 1584 0.46
GI (144.8- (146.6- (146.6- (140.4- (147.6- (150.3- (146.6- (155.7-
160.8) 162.7) 164.3) 156.6) 164.6) 162.8) 164.3) 164.2)
AS- 0 0 0.280 20 30 0.40 100 0 0.06 0 0 0.28
LYMP (0-20) (0-25) (0-30) (0-80) (1-40) (0-22) (0-20) (0-3)
HJ
AS- 0 0 0.94 438 38 0.49 35 0 0.009 0 0 0.19
I.Y'N%P (0-20) (0-35) (1.0-10.9) (0-8.3) (0-7.1) (0-2.8) (0-3.6) (0-0.3)
H% %
RE- 60 80 0.04 103 130 0.21 600 130 0.01 400 115 0.06
LYMP (40-80) (60-90) (30-180) (80-180) (300-875) | (80-130) (300-900) | (B0-150)
H?
RE- 83 55 0.06 146 106 0.02 134 18 0.000 10.7 58 0.08
LYMP | (5498 (4474 (9.3-19.3) | (5.7-14.3) (74-16.7) | (3.0-84) 1 (6.4-12.9) | (52-10.7)
H% &
D-dimer 09 0.5 0.006 22 09 0.03 1.8 0.5 0.006 24 1.5 0.07
(0.6-1.7) (0.4-0.9) (1.0-3.8) 0327 (1335 (0.3-3.2) (1.34.9) (0.6-3.2)
SEMC? 8.5 45 0.000 92 5.9 0.65 59 77 047 6.0 35 0.33
(6.5-16.7) | (3.4-6.7) 1 (4.2-80.0) | (4.3-15.1) (3.6-45.9) | (5.8-15.2) (3.2-209) | (14-37)

Table 2: Changes in extended inflammatory parameters and soluble fibrin monomer complexes during the first 28 days of intensive care monitoring.

! Neutrophil-to-lymphocyte ratio, 2 Immature granulocyte-to-lymphocyte ratio,  Neutrophil reactivity index [F1], 4 Neutrophil granularity index [GI]
5 Antibody synthesizing lymphocytes count, ® Antibody synthesizing lymphocytes as % of lymphocytes
7 Reactive lymphocytes count, 8Reactive lymphocytes as % of lymphocytes °Soluble fibrin monomer complex.

Risk Factors

The proportion of older patients (age >65 years) among non-survivors (80%)
was significantly higher than in survivors (25%), with a 4.3-fold increased
risk (OR 4.3; 95%CI 2.0-8.8). Patients with Charlson morbidity score >3 had
a 3.3-fold (OR 3.3; 95%CI 1.5-7.3) higher probability of death (64%) than
survivors (22%). Patients who received blood products had a 3.1-fold (OR
3.1; 95%CI 1.0-9.2) increased risk of death (38%) than those who survived
(10%). Patients with nosocomial infection had an 11.9-fold (OR 11.9; 95%ClI
3.0-46.8) increased risk of death (74%) than those who survived (7%).
Patients who had a DIC score >5 had a 3.9-fold (OR 3.9; 95%CI 1.0-14.9)
increased risk of death (34%) compared to those who survived (7%). Patients
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who had a longer ICU stay >7 days had a 3.5-fold increased risk (OR 3.5;
95%ClI 2.0-6.1) of death (91%) compared to those who survived (41%)
(Table 2).

ROC Analysis and Calculation of Threshold Values

In ROC analysis, NLR (AUC: 0.73) and SFMC (AUC: 0.92) had
significantly higher AUC values than other parameters. For predicting
mortality, NLR had a sensitivity of 79.2% and a specificity of 65.2% with a
threshold value of 6, whereas SFMC had a sensitivity of 94.2% and a
specificity of 71.2% with a threshold value of 6.5 (Table 3) (Figure 1).
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NLR! SFMC?
AUC3 0.73 0.92
95%CI* 0.61-0.85 | 0.84-1.00
P value 0.001 0.0001
Cut-off value 6 6.5
Sensitivity (%) 79.2 94.2
95%CI 64.5-89.3 | 80.8-99.3
Specificity (%) 65.2 71.2
95%CI 42.8-784 | 54.1-84.5
Diagnostic  value | 72.2 82.2
(%)
95%CI 60.8-81.3 | 71.4-90.1

Table 3: ROC analysis for prognostic evaluation in COVID-19 patients to predict mortality.

1 Neutrophil-to-lymphocyte ratio (NLR), 2Soluble fibrin monomer complex (SFMC), 3Area under the curve (AUC), “Confidence interval (Cl).

ROC Curve

— LR
“= Sohdile XN MONOMEr
—— Materonce Line

T T T
0 02 04 06

1 - Specificity
Discussion

The SARS-CoV-2 virus enters the body via endothelial ACE-2 receptors,
causing endothelial damage, and microvascular inflammation. This
endothelial disruption activates both the immune and coagulation systems
simultaneously, contributing to severe clinical consequences such as severe
acute respiratory distress syndrome and multi-organ dysfunction.22,23 Thus,
we used research parameters capable of revealing early changes in the
leukocyte series and SFMC measurements with the potential to provide
early-stage information about coagulation activation. In this cross-sectional
study, we examined the risk factors for COVID-19 infection, as well as the
role of new extended inflammatory measures and SFMC in ICU patients.
Our primary findings are as follows: i- In COVID-19 patients, risk factors
for mortality include older age, comorbidities, blood product use,
nosocomial infection, a high DIC score, and a longer ICU stay. ii- Elevated
NLR, IGLR, NEUT-RI, NEUT-GI, D-dimer, and SFMC in the first two
weeks of COVID-19 infection, followed by increasing NLR, D-dimer, RE-
LYPMH, and AS-LYMPH in the next two weeks, may play an important
role in thromboinflammation during COVID-19 infection. iii- The optimal
cut-off values for NLR and SFMC in predicting mortality were 6 and 6.5,
respectively. All of these findings suggest that the new extended
inflammatory and coagulation parameters, including NLR and SFMC, could
be useful for predicting COVID-19-related mortality.

Few studies focusing on the prognostic effect of extended inflammatory
parameters in COVID-19 infection have been reported.15-17,24 Linssen and
colleagues showed that they developed a prognostic score based on
leukocyte data collected from noncritical (NC) and critical-fatal (CF) patient
groups throughout a 14-day monitoring period.15 In that study, analysis of
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the leukocyte series revealed that the CF group had prolonged lymphopenia
and high neutrophil counts, as well as elevations in NEUT-RI, IG, and IGLR
levels throughout the course of COVID-19 infection. Similarly, we found a
significant increase in IGLR and NLR ratios in the non-survivor patient
group during the first two weeks of follow-up. This elevation was followed
by increases in NEUT-RI and NEUT-GI levels in the second week. Our
findings about the elevation in neutrophil precursors during the early stages
of infection caused by the SARS-CoV-2 virus are consistent with Linssen
and colleagues' 14-day follow-up study, and our data are also supported by
previous sepsis studies that have shown increases in neutrophil precursors
before the rise in neutrophil counts.7,15,25 Furthermore, we found that,
while the increase in NLR continued during the third and fourth weeks of
testing, the elevations in IG, NEUT-RI, and NEUT-GI did not. At this point,
the AS-LYMPH count and percentage were significantly higher in our
patients' survivors during the third week, whereas Linssen and colleagues
found that the rate of AS-LYMPH was significantly higher in both (CF and
NC) groups compared to baseline values during the second week of
hospitalization.15 Similarly, Yip and colleagues found that, despite a gradual
decrease in lymphocyte count, AS-LYMPH and RE-LYMH counts
increased slowly in the critically ill group, with the most apparent change
occurring on the 15th and 16th days.16 Another study by Martens and
colleagues found that, while total lymphocyte count decreased in the group
developing cytokine storms compared to the non-developing group,
lymphocyte subgroups increased (AS-LYMPH, high fluorescence
lymphocyte count, RE-LYMPH).24 The increase in AS-LYMP levels as a
lymphocyte subgroup was associated with the seroconversion observed in
the second week of the disease in those studies.15,16,24 As reported in
another study, once antibody production begins, immunopathological events
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increase, and disease severity worsens.26 In our study, we examined weekly
new extended CBC measures rather than daily ones and found a higher AS-
LYMPH level at the beginning of the third week, which might indicate an
emphasis on findings related to seroconversion. All of these findings may be
linked to the adaptive immune system's increased disease severity.

Few studies revealed that mature and immature neutrophil counts increased
at the start of the COVID-19 infection, and that increased AS-LYMPH and
RE-LYMPH indicated an adaptive immune response that exacerbated
disease severity in the second or third week of COVID-19 infection.15-17,24
On the other hand, NLR has been one of the most researched COVID-19
biomarkers.17,27,28 Kilercik and colleagues examined CBC values in non-
critical and critical patients according to survival status.17 They found a
decrease in monocyte and lymphocyte percentages, as well as the monocyte-
to-neutrophil ratio (MNR), and an increase in neutrophil percentage and
NLR as disease severity increased. They also demonstrated that MNR and
NLR were the most reliable time-related parameters for predicting outcomes
during 30 days.17 Similarly, in our investigation, NLR was the only
parameter that remained significantly elevated over the 4-week follow-up
period. Furthermore, two extensive meta-analyses of NLR in COVID-19
revealed its potential to predict disease severity and mortality.27,28
However, the predictive NLR threshold value is still debatable. Li and
colleagues found an NLR cut-off value of 6.5 with an AUC of 0.92 (95% ClI
0.89-0.94) in one of these meta-analyses.27 Another investigation on ICU
patients, conducted by Regolo et al., identified an NLR cut-off value
0f>11.38 (AUC: 0.771, sensitivity 77.5%, specificity 65.9%).29 Using ROC
analysis, we identified an NLR> 6 cut-off value with an AUC of 0.73,
sensitivity of 79.2%, and specificity of 65.2%. We believe that the prolonged
increase in NLR values over the 4-week follow-up period could be attributed
to COVID-19-induced inflammation and secondary risk factors such as older
age, comorbidities, and nosocomial infections, particularly as the prolonged
length of ICU stay may have exacerbated the clinical progression of COVID-
19 infection.

Unlike in previous research, SFMC was included in the analysis as a
predictive marker in our investigation, along with extended inflammatory
parameters. Hypercoagulability is the most common coagulation state in
COVID-19 disease, which is caused by excessive inflammation and poor
fibrinolysis, and patients are at risk of thromboembolic events.30 It is
associated with a poor prognosis.30,31 D-dimer levels were the most often
used coagulation parameter during the pandemic period.12 Many studies
focused on COVID-19-associated coagulopathy in terms of mortality and
critical illness prediction associated with D-dimer levels.32,33 Reduced
fibrinolytic capability (fibrinolysis shutdown) was found in one of them,
where  COVID-associated  coagulopathy  was  studied  using
thromboelastometry, and paradoxically, elevated D-dimer levels were
observed.32 Another study suggested that high D-dimer levels could be
caused by intra-alveolar fibrin deposits in the lungs.33 D-dimer levels were
observed to be increased in the non-survivor patient group in our study and
remained elevated during the 3-week follow-up period. Furthermore,
because of difficulties in determining the D-dimer cut-off value and issues
with inter-laboratory variability in D-dimer measurements, the development
of alternative methods, such as fibrin monomer (FM), appears necessary for
describing COVID-19-related coagulation disorders and outcomes.12,13
Severe coagulopathy and cases of DIC have been observed to be more
common in severe disease and non-survivor patient groups during the course
of COVID-19.34 Consistent with this, a DIC score greater than 5 was
revealed as a major risk factor related to higher mortality in our study. The
increase in D-dimer, a fibrin degradation product, shows the formation of
stable clots by Factor X111 and the onset of fibrinolysis.35 Cross-linked fibrin
protofibrils form before Factor XIII stabilization.36 Thrombin cleaves
fibrinopeptides A and B from fibrinogen molecules, exposing active binding
sites. Fibrin monomer is a modified version of fibrinogen. These monomers
bind to other FMs or fibrinogen and circulate in a soluble form. These are
known as soluble fibrin monomer complexes.36 Elevated SFMC levels
indicate that the coagulation pathway has been activated and the clotting
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process has begun. This early information on the coagulation process
presented by SFMCs is thought to guide optimal treatment.37 High D-dimer
levels in COVID-19 have been linked to the extent of lung damage outside
of the coagulation system, and this has been explained by the breakdown of
extravascular fibrin deposits.38 Fibrin monomers, on the other hand, are
restricted to the intravascular area. A few studies have been carried out to
examine the prognostic value of FM in COVID-19.12,39,40 The majority of
them demonstrated that SFMC levels were not superior to D-dimer levels in
predicting multiple thrombotic events on admission. The largest study in this
field, however, was conducted by Smadja et al., who analyzed FM levels in
246 patients who were observed in the ICU and general hospital for 9 days.14
They showed that SFMC levels in patients admitted promptly to the ICU
began to rise dramatically on day 3 and remained elevated for at least 9 days.
They established the FM detection limit at 7 g/mL. These findings are
consistent with our findings, which indicated a similar cut-off value of 6.5
g/mL for FM with a sensitivity of 94.2% (95% CI 80.8-99.3) and specificity
of 71.2% (95% CI 51.1-84.5) in predicting mortality. Finally, similar to our
study, SFMC levels were significantly higher in non-survivor patients
compared to survivors in the first week of ICU follow-up. All of these
findings suggested that monitoring FM levels during the follow-up period,
rather than just at the time of admission, could be valuable for predicting
death.

Our study's main limitations are the small number of patients and the lack of
a healthy control group. One of our study's advantages is its potential to guide
future research on COVID-19-like viruses that influence the hemostatic
system. Future research will require a large patient group as well as a healthy
control group.

Finally, increasing NEUT-RI, NEUT-GI, NLR, and IGLR during the first
two weeks of COVID-19 infection may support acute inflammation, whereas
increasing RE-LYPMH and AS-LYMPH during the next two weeks may
indicate COVID-19 seroconversion. Elevated D-dimer and SFMC levels in
the first week of COVID-19 infection could support the prethrombotic
process, and significantly higher D-dimer levels in the next three weeks may
assist the thrombotic process. Our findings suggest that elevated NLR and
SFMC cut-off values in the first week should alert clinicians to the possibility
of life-threatening COVID-19 complications and highlight the importance of
prophylactic treatments such as broad-spectrum antibiotics or anticoagulant
therapy.
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