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Background: Clinical observations demonstrated that COVID-19 related pneumonia is often accompanied by hematological and coagulation abnormalities including lymphopenia, thrombocytopenia, and prolonged prothrombin time. The evaluation of laboratory findings including coagulation and inflammation parameters may represent a promising approach for early determination of COVID-19 severity.

Methods and Materials s:

In the present study, we aimed to identify laboratory parameters present upon admission in patients with COVID-19 related viral pneumonia and associated with an early in-hospital development of refractory respiratory failure or severe acute respiratory distress syndrome requiring treatment in an intensive care unit. We investigated differences in the C-reactive protein (CRP) and fibrinogen levels, prothrombin time (PT) and international normalized ratio (INR) between COVID-19 patients who had been transferred to an ICU within two weeks after admission (n= 82) and COVID-19 patients with stable course of the disease (n= 74).

Results: Multiple comparisons showed statistically significantly prolonged PT on admission in ICU-transferred COVID-19 patients (14.15 sec, median, CI 95% 13.4÷14.9) compared to the stable COVID-19 patients (13.25 sec, median, CI 95% 12.9÷13.6) (p-value=0.0005). CRP levels upon admission were statistically significantly higher in ICU-transferred COVID-19 patients (132 mg/L, median, CI95% 113÷159) compared to the stable COVID-19 patients (51 mg/L, median, CI95% 33÷72) (p-value<0.0001). On-admission fibrinogen and INR levels did not statistically significantly differ between ICU-transferred COVID-19 patients and stable COVID-19 patients.

Conclusion:

We suggest that CRP and PT levels present on admission in COVID-19 patients may be used as early prognostic markers of severe pneumonia requiring transfer to ICU.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) also known as coronavirus disease 2019 (COVID-19) has been recognized as a public health emergency of international concern. As of July 26, 2020, there were more than 15 million COVID-19 cases worldwide with more than 600 thousand deaths [START_REF]Coronavirus disease (COVID-19)[END_REF].

The identification of prognostic markers associated with the severity of the disease is a task of major importance necessary for the selection of effective treatment strategies for patients with COVID-19 of differing severity [START_REF] Frater | COVID-19 and the clinical hematology laboratory[END_REF]. Notably, analysis of coagulation parameters was previously used to predict the severity of non-COVID related pneumonia [START_REF] Agapakis | Coagulation and inflammation biomarkers may help predict the severity of communityacquired pneumonia[END_REF].

Recent clinical observations demonstrated that COVID-19 is often similarly accompanied by blood counts deviations including lymphopenia, thrombocytopenia, and coagulopathies including prolonged prothrombin time [START_REF] Giannis | Coagulation disorders in coronavirus infected patients: COVID-19, SARS-CoV-1, MERS-CoV and lessons from the past[END_REF][START_REF] Wang | Clinical course and outcome of 107 patients infected with the novel coronavirus, SARS-CoV-2, discharged from two hospitals in Wuhan, China[END_REF][START_REF] Chen | Clinical characteristics of 113 deceased patients with coronavirus disease 2019: retrospective study[END_REF][START_REF] Tang | Abnormal coagulation parameters are associated with poor prognosis in patients with novel coronavirus pneumonia[END_REF]. Importantly, various coagulation parameters have been associated with the prognosis of COVID-19 patients. The International Society for Thrombosis and Hemostasis (ISTH, 2020) recommends the measurement of D-dimer levels, prothrombin time (PT), and platelet count (in descending order of prognostic value) in all patients with COVID-19 [START_REF] Lippi | Thrombocytopenia is associated with severe coronavirus disease 2019 (COVID-19) A c c e p t e d M a n u s c r i p t infections: A meta-analysis[END_REF]. But there are some limitations in routine clinical practice, ranging from reagent availability to time restraint. Evaluation of simple and widely available laboratory parameters may represent a promising approach for early and cost-effective determination of COVID-19 severity.

Previously, higher levels of fibrinogen, D-dimer, and fibrin degradation products were found to be associated with poor clinical outcomes, and were suggested as prognostic markers [START_REF] Chen | Clinical characteristics of 113 deceased patients with coronavirus disease 2019: retrospective study[END_REF][START_REF] Tang | Abnormal coagulation parameters are associated with poor prognosis in patients with novel coronavirus pneumonia[END_REF][START_REF] Micco | Clotting Factors in COVID-19: Epidemiological Association and Prognostic Values in Different Clinical Presentations in an Italian Cohort[END_REF][START_REF] Zhou | Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study[END_REF]. In particular, D-dimer was higher in those COVID-19 patients requiring intensive care, and significantly elevated D-dimer levels have been shown to be one of the predictors of death [START_REF] Chen | Clinical characteristics of 113 deceased patients with coronavirus disease 2019: retrospective study[END_REF][START_REF] Tang | Abnormal coagulation parameters are associated with poor prognosis in patients with novel coronavirus pneumonia[END_REF]. Prothrombin time (PT) was slightly prolonged in the deceased patients (mean 15.5 sec, range 14.4÷16.3 sec) compared to that in the survivors (mean 13.6 sec, range 13.0÷14.3 sec) [START_REF] Tang | Abnormal coagulation parameters are associated with poor prognosis in patients with novel coronavirus pneumonia[END_REF]. Fibrinogen levels also have been reported as an important prognostic factor since higher levels were associated with the development of severe acute respiratory syndrome (SARS) in COVID-19 patients [START_REF] Micco | Clotting Factors in COVID-19: Epidemiological Association and Prognostic Values in Different Clinical Presentations in an Italian Cohort[END_REF][START_REF] Thachil | ISTH interim guidance on recognition and management of coagulopathy in COVID-19[END_REF]. Although differences in laboratory parameters between patients with a mild and severe manifestation of COVID-19 have been demonstrated recently, further studies with a large number of patients are required.

This study aimed to identify coagulation parameters that might serve as early prognostic markers of severe pneumonia requiring transfer to an intensive care unit (ICU). 

Materials and methods

Patients

In this retrospective cohort study we collected and analyzed data for all adult patients with viral pneumonia, who were admitted to the pulmonology department of 24th Moscow City State Hospital between April 20, 2020, and June 05, 2020; the data cut-off for the study was June 06, 2020. This study was approved by the local ethics committee of 24th Moscow City State Hospital.

The diagnosis of COVID-19 was confirmed by a positive result of real-time reversetranscriptase-polymerase-chain-reaction assay of nasal and pharyngeal swab probes. Clinical, radiological, and laboratory parameters present upon admission were extracted from electronic medical records.

We compared laboratory parameters between patients with COVID-19 related viral pneumonia and patients with non-COVID-19 viral pneumonia.

Then, in order to find possible prognostic markers, we investigated differences in laboratory parameters measured both upon and 7 days after admission between COVID-19 patients who were transferred to ICU due to progressive pneumonia with RRF or SARDS within two weeks after admission to the hospital (hereinafter: ICU-patients) and COVID-19 pneumonia patients with a stable course of the disease (hereinafter: control group).

Patients younger than 18 and older than 80 years, patients who regularly received anticoagulant therapy before admission as well as patients with pregnancy (or in lactation period), oncological diseases (in the last 5 years), chronic liver diseases, HIV infection, syphilis or hepatitis were excluded from the study.

Diagnostics

Low-dose spiral computed tomography (CT) and laboratory tests were performed upon admission and 7 days after admission to the hospital. The percentage of inflamed lung tissue on CT scans was estimated by visual assessment. C-reactive protein (CRP), fibrinogen levels, A c c e p t e d M a n u s c r i p t PT, and international normalized ratio (INR), were measured using the ACL 500 (Instrumentation Laboratory, Spain).

Dataset

Dataset of single-center case series of COVID-19 and non-affected pneumonia patients were collected in the 24th Moscow City State Hospital and are presented in Supplemental materials.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8 (GraphPad Software Inc., USA). Comparison of non-normally distributed variables between the two groups was performed using the Mann-Whitney U-test. The Wilcoxon signed-rank test corrected for multiple comparisons with Holm-Bonferroni procedure was used to compare medians to hypothetical values. Non-parametric Kruskal-Wallis test with Dunn's multiple comparisons test was used to analyze more than two groups. Ordinary two-way ANOVA with Sidak's multiple comparisons test was used to analyze the effect of two factors on one variable. The threshold of statistical significance was established as a p-value<0.05.

Results

Patient's characteristics

Characteristics of all cohorts of patients with different courses of the pneumonia are summarized in Table 1. A total of 233 patients, all of whom provided written informed consent, were enrolled in this study. Among all patients, 156 had laboratory-confirmed A c c e p t e d M a n u s c r i p t

Days before hospitalization in COVID-19: ICU-patients vs. stable patients

Out-of-hospital stay before admission was significantly shorter for COVID-19 patients who were transferred to ICU within two weeks after admission due to progressive pneumonia with RRF or SARDS as compared to patients with a stable course of COVID-19: up to 7 days (p-value=0.006), and more than 7 days (p-value=0.0113), respectively (Figure 1). 

Differences between COVID-19 and non-COVID-19 patients

There were no differences in levels of fibrinogen, PT, or INR (p-value>0.9 for all parameters) on admission between the patients with COVID-19 related pneumonia and non-COVID-19 pneumonia, but CRP levels were significantly higher in the COVID-19 patients (p-value<0.0001).

Differences between COVID-19 patients with RRF or SARDS and stable course of the disease

On admission, COVID-19 patients of both groups were in a stable condition and no statistically significant differences in fibrinogen levels and total volume of the affected lung tissue were found. However, CRP levels were significantly higher in those patients transferred to ICU within two weeks after admission due to progressive pneumonia with RRF or SARDS than in patients exhibiting a stable course of the disease: 132 mg/L (median, CI95% 113÷159) and 51 mg/L (median, CI95% 33÷72), respectively; p-value<0.0001 (Figure 2). On-admission fibrinogen levels did not statistically significantly differ between ICU-patients and stable patients. (median, CI 95% 12.9÷13.6), respectively; p-value=0.0005. Interestingly, the slight increase in INR values for ICU-patients was not statistically significant (Figure 3). 

Differences in CRP levels on the 7th day of hospitalization for COVID-19 patients

Changes in total lung tissue affected by pneumonia according to chest-CT as well as patients' CRP levels on the 7th day of hospitalization were evaluated. CRP levels further increased in ICU-transferred COVID-19 patients (132 vs. 134 mg/L, median; p-value=0.31), corresponding to the enlarged volume of inflamed lung tissue (60% vs. 80%, median; p-value=0.06). In contrast, opposite changes in CRP levels (51 vs. 8 mg/L, median; p-value<0.0001) in COVID-19 patients with a stable course of pneumonia were documented (Figure 4). 

Differences in platelet counts for ICU-transferred and stable COVID-19 patients

No differences in platelet count was found between ICU-transferred and stable COVID-19 patients upon admission (Figure 5). However, platelet counts significantly elevated in stable patients on day 7th after hospitalization, remaining consistently low in ICU-transferred patients.

A c c e p t e d M a n u s c r i p t Initially, all the patients received standard medical care in the department of internal medicine. The ICU-group comprised 82 patients who were transferred to an ICU within 14 days after admission, and 37 (45.1%) of them further required mechanical ventilation. Active progression of inflammation in ICU-transferred patients was confirmed through radiological and laboratory examinations after 7 days of hospitalization. However, upon initial admission to the hospital patients in either the ICU-transferred or the control groups presented in a stable condition, and according to radiological data, there were no significant differences in pneumonia severity.

A c c e p t e d M a n u s c r i p t group had a higher median age and included a larger proportion of patients older than 60 years. This finding matches those observed previously [START_REF] Covid | Severe outcomes among patients with coronavirus disease 2019 (COVID-19)-United States[END_REF].

Increased fibrinogen levels have been associated with the development of SARDS in COVID-19 patients in a previous study [START_REF] Micco | Clotting Factors in COVID-19: Epidemiological Association and Prognostic Values in Different Clinical Presentations in an Italian Cohort[END_REF]. Our study has not established a statistically significant association between on-admission fibrinogen levels and poor prognosis including in-hospital development of SARDS or RRF. The contrasting findings of the studies might reflect different reliability criteria for multiple comparisons.

We found that PT measured upon admission was prolonged in COVID-19 patients further transferred to ICU, which is in line with findings of the previous study [START_REF] Tang | Abnormal coagulation parameters are associated with poor prognosis in patients with novel coronavirus pneumonia[END_REF]. Further, CRP levels upon admission were significantly higher in the group of COVID-19 ICUtransferred patients, and whereas CRP levels were sustained and/or increased at 7 days postadmission in this group, CRP levels in the control group declined. This combination of findings provides the conceptual premise that the course of COVID-19 associated pneumonia can be predicted through early measurement of PT and CRP values.

We confirmed that COVID-19 severity is associated with thrombocytopenia, as were shown in previous studies [START_REF] Giannis | Coagulation disorders in coronavirus infected patients: COVID-19, SARS-CoV-1, MERS-CoV and lessons from the past[END_REF][START_REF] Lippi | Thrombocytopenia is associated with severe coronavirus disease 2019 (COVID-19) A c c e p t e d M a n u s c r i p t infections: A meta-analysis[END_REF][START_REF] Maquet | Thrombocytopenia is independently associated with poor outcome in patients hospitalized for COVID-19[END_REF]. But, according to our findings, enhanced risk of severe COVID-19 could not be successfully predicted with platelet counts on admission. These findings may be explained by high contribution of the lungs to platelet biogenesis [START_REF] Lefrançais | The lung is a site of platelet biogenesis and a reservoir for haematopoietic progenitors[END_REF].

Limitations and outlooks

Although the results of the present study contribute to the identification of potential early prognostic markers of COVID-19 severity, it is a single-center study limited by a small number of included patients. However, our study was focused on cost-effective and widely available laboratory parameters that could be measured in the hospital just upon admission.

We hope that our results could be helpful and valuable also in hospitals with limited resources. Further studies with the larger cohort of included patients are required to confirm our findings.
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  We compared coagulation parameters (PT and INR), levels of widely measured coagulation and inflammation factors (fibrinogen and CRP) as well as clinical and radiological data

  s c r i p t presented upon admission between patients with early in-hospital development of refractory respiratory failure (RRF) or severe acute respiratory distress syndrome (SARDS) requiring treatment in ICU and stable COVID-19 patients.

  COVID-19 pneumonia, and 75 patients had non-COVID-19 pneumonia. The median age of patients with non-COVID-19 pneumonia was 58 years. The median age was 63 years in ICUtransferred COVID-19 patients compared to 53 years in COVID-19 patients with a stable course of the disease. The majority of COVID-19 patients were male (54.5%). Thirty-seven patients (23.7%) with COVID-19 pneumonia developed SARDS, requiring mechanical ventilation, compared to 9 patients (12.0%) in the non-COVID-19 pneumonia cohort.
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Figure 1 .

 1 Figure 1. Out-of-hospital stay before admission for ICU-transferred COVID-19 patients compared to stable COVID-19 patients, data are presented as median with CI 95%. **: pvalue <0.01; *: p-value<0.05
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Figure 2 :

 2 Figure 2: Comparisons of lung tissue inflammation severity on admission according to CRP and fibrinogen levels and chest CT (lung tissue affected, %) for ICU-transferred patients vs. control group. ****: p-value<0.0001; ns: not significant

Figure 3 :

 3 Figure 3: Multiple comparisons of coagulation parameters (PT and INR) measured upon admission for ICU-transferred COVID-19 patients vs. control group: PTs are significantly different, but INRs are not. ****: p-value <0.0001; ns: not significant A c c e p t e d M a n u s c r i p t

Figure 4 :

 4 Figure 4: Multiple comparisons of lung tissue inflammation severity and CRP levels upon admission and on 7 th days after hospitalization in ICU-transferred COVID-19 patients and control group. Data presented as median and CI95%. ****: p-value <0.0001; ns: not significant

Figure 5 :

 5 Figure 5: Platelet counts upon admission and on the 7th day after hospitalisation in ICU-transferred and stable COVID-19 patients. Data presented as median and CI95%. ****: p-value <0.0001; ns: not significant
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Table 1 .

 1 Demographic and clinical parameters of patients in the study

	Characteristics	Non-COVID-	All	Disease progression after admission to
		19 viral	COVID-19	the hospital among COVID-19 patients
		pneumonia	patients		
				RRF or SARDS	Stable course of
				requiring ICU	disease
				treatment	(Control group)
	N=	75	156	82	74
	Age (years)				
	Minimum	20	28	28	29
	25% Percentile	45	49	53	45
	Median	58	59	63	53
	75% Percentile	68	70	71	69
	Maximum	82	94	93	94
	Sex				
	male (n=)	46	85	48	37
	female (n=)	29	71	34	37
	Age >60 yr,	20/75	59/156	46/82	14/74
	no./total no. (%)	(26.7%)	(37.8%)	(56.0%)	(18.9%)
	Out-of-hospital	8	7	6	8
	period (duration of				
	symptoms before				
	admission), days				
	(Median)				
	In-hospital period	N/A	N/A	2	N/A
	before transfer to				
	ICU (for ICU-				
	group only), days				
	(Median)				
	SARDS, requiring	9/75	37/156	37/82	N/A
	mechanical	(12%)	(23,7%)	(45,1%)	
	ventilation,				
	no./total no. (%)				
	Notes				Incl. patients with
					pneumonia grade
					2-3 acc. to CT-
					scale: n = 60
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