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To verify that the OSI index correlates with COVID-19 patient disease status, we compared laboratory results of two ICU COVID-19 patients with differing disease courses. The two patients’ oxidative stress analysis results were compared to biochemical and hematological laboratory values of the same date. The recommendations for the management of patients infected with SARS-CoV-2 virus are to evaluate C-reactive protein (CRP), interleukin-6 (IL-6), and neutrophil to lymphocyte ratio. We compared the values from the recommended laboratory tests with our oxidative stress index results. The neutrophil to lymphocyte ratio (NLR) is an index for predicting COVID-19 in-hospital mortality. A trend between OSI and NLR may exist, but we needed neutrophil and lymphocyte counts expressed with comparable units and we needed a way to better describe this correlation.

Patient 1: A 71-year-old woman with dilatative cardiomyopathy, arterial hypertension, chronic atrial fibrillation, and depression presented to the emergency department due to dyspnea, unproductive cough, chest pain depending on body position, and temperature lasting for three days. Clinical examination showed a slightly elevated body temperature, regular heart pulse rate, eupneic breathing, and oxygen saturation of 96% breathing room air. No typical COVID-19 pulmonary infiltrates or other pathological changes were seen on the initial chest x-ray. A nasopharyngeal swab was positive for SARS-CoV-2 and she was admitted to the regular ward for additional diagnostics and observation. An ischemic myocardial event was ruled out. In the following days, her condition deteriorated and she was admitted to the ICU on the fifth day of hospitalization due to respiratory failure, where she was intubated and started on mechanical ventilation. A chest X-ray showed bilateral consolidations and a lung ultrasound showed diffuse B-lines. Laboratory results on admission to the ICU showed a normal white blood cell (WBC) count (4200/mm3) with a low percentage of lymphocytes (17.8%), and normal procalcitonin (PCT; 0,02 μg/L) and troponin (21 ng/l) levels. CRP (85 mg/L), IL-6 (43,6 ng/L), blood urea, creatinine, D-dimer, N-terminal brain natriuretic propeptide (NTproBNP), lactate dehydrogenase (LDH), and fibrinogen were elevated. Due to severe respiratory failure, she was started on experimental antiviral therapy with hydroxychloroquine under interim local guidelines and antibiotic therapy with ceftriaxone. Possible infections with hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) were excluded at the start of antiviral therapy. The patient received therapeutic doses of subcutaneous low-molecular-weight heparin (LMWH) for chronic atrial fibrillation and stress ulcer bleeding prophylaxis. The patient remained intubated (70% fraction of inspired oxygen with positive end-expiratory pressure [PEEP] of 10 cmH2O and ratio of arterial oxygen partial pressure to fraction of inspired oxygen below 100) and sedated. On the fifteenth day after admission to the ICU there was an additional deterioration of her condition. According to the increase in laboratory inflammation markers (leukocyte, CRP, and PCT) and hemodynamic instability, antimicrobial treatment was modified and cefepime was started. After transient improvement, additional complications followed. Several nosocomial infections, deep vein thrombosis, and deterioration of cardiac function were confirmed. Treatment with glucocorticoids was started due to organizing pneumonia and a tracheotomy was performed due to prolonged intubation.  The patient's clinical and respiratory status then gradually improved. After 65 days of ICU treatment, she was decannulated and transferred to the regular ward. 


Figure 1: Oxidative stress index as a function of time. Day 0 is the first day in the critical care unit.


Figure 2: C-reactive protein (CRP), interleukin 6 (IL-6), and neutrophil to lymphocyte (N/L) values as a function of time. Day 0 is the first day in the critical care unit.

CRP values, the ratio of neutrophils to lymphocytes, and IL-6 values correlated well. All parameters were completely outside the reference values in the first days of measurements and indicate extensive inflammation and an aggressive immune system that accelerates the synthesis of neutrophils, while the virus completely disables lymphocytes and inhibits their function. Further results show that the patient's body slowly began to fight back, as the results normalized at the end of the measurements.

[bookmark: _GoBack]Leukocyte values are provided as both a percentage and an absolute value. Absolute values are more comparable in a ratio than percentages so we used absolute values as 109/l instead of % of change for our ratio calculations (Figure 3). Neutrophil to lymphocyte ratio decreasing is anticipated as OSI levels indicate a patient’s health declining.
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Figure 3: OSI index in relation to neutrophil lymphocyte ratio (NLR) for patient 1.

Biochemical and hematological parameters helped us obtain a slightly broader picture of the patient's condition. Correlation with our predictions based on the coordinate system was drawn. The patient was classified in quadrants III and IV where low values of d-ROMs and normal values of PAT are located. These results indicate a long-term infection and exhaustion of the individual, but the antioxidant defense is still working. Moreover, the biochemical and hematological parameters in the initial days indicate a state of extensive inflammation and a poor prognosis for the patient. Regardless, the patient’s condition began to improve in the last days of the measurements. We can conclude that the patient still had enough antioxidant power to improve in the last few days.

Patient 2: A 75-year-old man with a history of arterial hypertension, hypercholesterolemia, total right hip replacement, cholecystectomy, and pancreatitis was admitted to the gastroenterology department due to fever, abdominal pain, nausea, and vomiting. A nasopharyngeal swab for the SARS-CoV-2 virus was negative. Salmonella infantis and Streptococcus mitis were isolated from blood cultures and treatment with ceftriaxone was started. The clinical condition gradually improved and elevated laboratory inflammation markers normalized.  However, after ten days of hospitalization, the patient was transferred to the quarantine ward due to contact with a COVID-positive patient. Eight days later, a repeat nasopharyngeal smear was positive for SARS-CoV-2, respiratory symptoms with cough and hypoxia occurred, and a week later he was admitted to the ICU due to respiratory failure. On examination, the patient had a respiratory rate of 30 breaths per minute and oxygen saturation of 88% while receiving high flow oxygen (15 L/min) via a non-rebreather mask. Moreover, the patient was afebrile, normotensive, and had a normal cardiac function. The patient was sedated, intubated, and mechanically ventilated. A chest X-ray showed extensive peripheral bilateral opacities and the ratio of arterial oxygen partial pressure to inspired oxygen was 105. Upon admission to the ICU, the patient's laboratory test results were 77mg/L for CRP, and 5900/mm3 for WBC, with a normal percentage of neutrophils (58%) and lymphocytes (25.4%). A high sensitive troponin level, blood urea, creatinine, fibrinogen, and PCT concentration were in the normal range. However, IL-6, D-dimer, NTproBNP, LDH, and fibrinogen were elevated. Experimental antiviral therapy with lopinavir/ritonavir and hydroxychloroquine sulfate via nasogastric tube was initiated. However, antiviral treatment was discontinued after five days due to bradycardia and prolonged QTc interval. The patient received prophylactic doses of LMWH and stress ulcer bleeding prophylaxis as well. Three days after ICU admission, nosocomial pneumonia was suspected and antimicrobial treatment with piperacillin/tazobactam was started. As respiratory parameters of ventilation began to gradually improve, a lower FiO2 was required and lung compliance was adequate. However, laboratory indicators of inflammation increased and an abdominal CT scan revealed thrombosis of the superior mesenteric artery, extensive splenic infarction, and walled-off pancreatic necrosis was suspected. Renal function deteriorated as well and hemodialysis was required. The patient remained intubated and sedated. Subsequently, there was massive bleeding from the upper gastrointestinal tract and gastroscopy confirmed extensive stress ulcers. His condition remained critical while being aggressively managed in the ICU and ultimately the patient's family decided to pursue palliative care and the patient passed away.


Figure 4: Oxidative stress index as a function of time. Day 0 is the first day in the critical care unit.


Figure 5: C-reactive protein (CRP), interleukin 6 (IL-6), and neutrophil to lymphocyte values as a function of time. Day 0 is the first day in the critical care unit.



CRP values, the ratio of neutrophils to lymphocytes, and IL-6 values correlated well with each other. High CRP and IL-6 values indicate extensive inflammation, and an elevated neutrophil to lymphocyte ratio suggests an aggressive immune response of neutrophils with characteristic lymphopenia observed in patients with COVID-19. The results in the initial days of the measurements indicate the poor condition of the patient, which then improves around day 7, but deteriorates rapidly in the following days of the measurements.
The state of oxidative stress follows a similar trajectory. The oxidative stress index slowly decreases and improves in the same way as the other parameters around day 7. OSI levels start to rise again with slight falls after days 35 to 42, and given that oxidants and antioxidants change with CRP, we assume that in the following days the oxidative stress index began to rise steadily.







Figure 6: OSI index in relation to neutrophil-lymphocyte ratio (NLR) for patient 2.

We also made a comparison with the coordinate system in this patient. This is classified in quadrant IV where low levels of oxidants and high levels of antioxidants are concentrated. This quadrant has the worst prognosis as a long-term infection is already present, the individual is not able to form ROS, redox signaling is inadequate, and most likely multiple tissue damage is present. The biochemical and hematological parameters show the same and we can conclude that despite the intermediate improvement of the condition, the patient did not recover.
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