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Epidemiological features and dynamic changes in blood biochemical indices for COVID-19 patients in Hebi

Nie XB et al. Biochemical indices dynamic changes of COVID-19

Xiao-Bo Nie, Bao-Sheng Shi, Lin Zhang, Wei-Li Niu, Ting Xue, Lan-Qing Li, Xiao-Yun Wei, Yan-Dong Wang, Wei-Dong Chen, Rui-Fang Hou

Xiao-Bo Nie, Ting Xue, Lan-Qing Li, Xiao-Yun Wei, Key Laboratory of Receptors-Mediated Gene Regulation, School of Basic Medical Sciences, Henan University, Kaifeng 475004, Henan Province, China

Xiao-Bo Nie, Wei-Dong Chen, Department of Infectious Diseases, The People’s Hospital of Hebi, Hebi 458031, Henan Province, China

Bao-Sheng Shi, Lin Zhang, Wei-Li Niu, Department of Infectious Diseases, The Third People’s Hospital of Hebi, Hebi 458031, Henan Province, China

Yan-Dong Wang, College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, Beijing Province, China

Wei-Dong Chen, Key Laboratory of Receptors-Mediated Gene Regulation, School of Basic Medical Sciences, Henan University, Kaifeng 475004, Henan Province, China

Rui-Fang Hou, Department of Infectious Diseases, The People’s Hospital of Hebi, Henan University, Hebi Key Laboratory of Liver Disease, Hebi 458031, Henan Province, China

Author contributions: Nie XB and Hou RF designed the research study; Shi BS, Zhang L, Niu WL, Xue T, Li LQ and Wei XY performed the research; Wang YD and Chen WD contributed analytic tools; Nie XB analyzed the data and wrote the manuscript; Hou RF revised the manuscript; and all authors have read and approve the final manuscript.

Corresponding author: Rui-Fang Hou, Doctor, MD, Chairman, Doctor, Department of Infectious Diseases, The People’s Hospital of Hebi, Henan University, Hebi Key Laboratory of Liver Disease, Jiuzhou Street, Qibin District, Hebi 458031, Henan Province, China. dr_rfhou@126.com

Received: July 16, 2021
Revised: October 20, 2021
Accepted: January 19, 2022
Published online: 

 2 / 2

Abstract
BACKGROUND
[bookmark: _Hlk93091022]Millions of people have died of coronavirus disease 2019 (COVID-19) due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, and retrospective studies of the disease in local regions are necessary.

AIM
To characterize the epidemiological features and dynamic changes in blood biochemical indices for SARS-CoV-2-infected patients in Hebi, a representative city with a large floating population in North China.

METHODS
From January 25 to February 10, 2020, the clinical data of patients who tested positive for SARS-CoV-2 by quantitative real-time polymerase chain reaction in Hebi city (China) were evaluated at admission, and laboratory data for hematologic parameters, inflammatory indices, coagulation function indices, liver function indices, blood lipid indices, renal function indices, myocardial enzyme activities and five blood biochemical markers of immunity were evaluated at admission, upon hospitalization and before discharge.

RESULTS
Sixteen confirmed COVID-19 patients developed pneumonia but were cured after adequate treatment. Fever and fatigue were the common symptoms. The most common laboratory abnormalities of patients at admission were leukopenia, eosinopenia, decreased percentage of eosinophils, elevated high sensitivity C-reactive protein and fibrinogen levels, hypoalbuminemia, mildly increased aspartate transferase activity and levels of bilirubin, and increased levels of β2-microglobulin. Importantly, aggravated liver dysfunction was detected in most patients, which may be partially attributed to virus infection as well as medicinal treatment.

CONCLUSION
This study provides several potential diagnostic markers and dynamic biochemical indices of disease progression to better prevent, diagnose and treat COVID-19 infection.
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Core Tip: Coronavirus disease 2019 (COVID-19) is still spreading across the world since the outbreak in 2020, and has caused millions of deaths. Although severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mass vaccination has effectively inhibited this epidemic, the emergence of new mutant strains of SARS-CoV-2 is still challenging the current prevention and treatment of COVID-19. In this retrospective study, we aimed to characterize the epidemiological features and evaluate the dynamic changes in blood biochemical indices for COVID-19 patients in Hebi, a representative city with a large floating population in North China.

INTRODUCTION
Currently, coronavirus disease 2019 (COVID-19) with an unknown source of infection has spread rapidly worldwide. According to the latest data from Johns Hopkins University (https://coronavirus.jhu.edu/map.html), as of October 20, 2021, more than 241 million people have tested positive for COVID-19, bringing the total number of deaths involving the coronavirus to more than 4.9 million, and the numbers are still increasing sharply with over two million new cases weekly. Although COVID-19 infection is self-limiting in approximately 80% of cases, male individuals, elderly individuals and those with comorbidities such as diabetes mellitus, hypertension, or underlying cardiorespiratory illness are at a higher risk of becoming severely ill[1-3]. According to previous reports, the genome of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has 89% nucleotide identity with human SARS-CoV-2 and 50% identity with that of human Middle East respiratory syndrome coronavirus, and all three coronaviruses can cause severe respiratory illness[4,5]. COVID-19 infection is mainly characterized by respiratory illness with flu-like symptoms such as fever, cough and shortness of breath, whereas severe infection can cause death due to diffuse alveolar damage and progressive respiratory failure[6]. Angiotensin-converting enzyme 2 (ACE2), the human cell receptor of SARS-CoV-2, whose expression is dominant in alveolar type 2 cells, is also expressed in organs such as the liver, kidney, heart and brain; thus, SARS-CoV-2-infected patients are often observed to have systemic damage with widespread inflammation[7-10]. Preventive measures and vaccination are the best ways to protect people from this infectious disease until effective medicines are developed.
[bookmark: _Hlk93091166]Hebi is one of the agricultural and developing cities in North China, with more than 20% of its population (1.63 million) working outside year round and returning to their home villages on holidays. Therefore, the imported case of COVID-19 infection quickly emerged the day after the Chinese Lunar New Year holiday started on January 24. Next, the number of newly confirmed cases had undergone two rapid growth periods and soon disappeared after mandatory social isolation had been issued by the local government. Although several studies have demonstrated the epidemic, clinical, pathological features and prognosis of COVID-19 infection[6,11-13], data on epidemic areas such as Hebi are still lacking. Notably, we identified several valuable diagnostic markers and obtained dynamic indicators of disease progression by comparing the data on blood biochemical indices and computed tomography (CT) imaging of SARS-CoV-2-infected patients at admission, upon hospitalization and before discharge. We hope our study will still guide the subsequent prevention, diagnosis and personalized treatment of this disease. 

MATERIALS AND METHODS
Patients
We conducted a retrospective study of the clinical characteristics of 16 patients who were enrolled in People’s Hospital of Hebi, China between January 25 and February 10, 2020. All patients were diagnosed with viral pneumonia and were confirmed to be infected with SARS-CoV-2 according to the guidelines from the World Health Organization (interim) and National Health Commission of the People’s Republic of China (Trial Version 5)[14]. To confirm COVID-19 infection, nasopharyngeal swab and oropharyngeal swab samples were collected from each patient and tested to detect virus titers using quantitative real-time polymerase chain reaction (RT-PCR) to identify the ORF1ab and N genes of SARS-CoV-2. A positive PCR test was defined if the cycle threshold (Ct) value was less than 37. Virus detection was first performed by a local infectious hospital and further confirmed by Hebi’s Centers for Disease Control and Prevention (CDC). Specimens were considered negative if the Ct value from repeated tests was undetectable.
The study was approved by the Ethics Committee of People’s Hospital of Hebi at Henan University, written informed consent was obtained from all patients, and their private information was strictly confidential.

Data collection
All available medical information, including epidemic characteristics, exposure history, time of onset, medical visit, symptoms and signs, treatment strategies and clinical outcomes, was collected from the 16 confirmed patients infected with SARS-CoV-2 at admission, upon hospitalization and before discharge. Data on CT imaging and laboratory tests at three time periods were also collected, including routine blood examination, blood lipid levels, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) levels, coagulation function, myocardial enzymes, liver function, renal function and immune function. However, not all patients had complete data for the three time periods, and the number of cases in some figures was less than 16.

Patient and public involvement
No patient or public involvement occurred in the development of the research design or in conducting the study.

Statistical analysis
Unpaired two-sided Student’s t-test was conducted to evaluate the statistical significance of the difference between groups of data on patients at admission and before discharge (normal distribution), and unpaired two-sided Student’s t-test with Welch’s correction was used for data with abnormal distribution. The error bar for the experiments represents the standard deviation of the mean value (mean ± SD). The data on age and time are presented as medians and interquartile ranges (IQRs). P-values less than 0.1 were all presented, and those less than 0.05 were considered statistically significant. All statistical analyses and figures were assessed using SPSS 25.0 and GraphPad Prism 8.0.

RESULTS
Clinical characteristics of patients at admission
Sixteen patients with COVID-19 infection who were discharged from our hospital were enrolled. The basic clinical records are shown in Table 1. The median age was 34 (IQR: 25-53) years, 3 patients (18.7%) were aged older than 60 years, 9 patients (56.2%) were aged younger than 40 years, and 9 patients (56.3%) were female. Regarding potential exposure history, 7 patients (43.8%) were living outside of Hebi and returned to Hebi after the Chinese Lunar New Year holiday started on January 24. Next, the confirmed cases (n = 6, 37.5%) with COVID-19 infection in Hebi had undergone a rapid growth period from January 25 to January 31, 2020, and these cases had exposure in Hubei. The number of newly confirmed cases (n = 10; 62.5%) reached another rapid growth period (February 5 to February 10, 2020).
The median time interval from illness onset to admission was 4 (IQR: 2-6) d. Fever (81.3%), fatigue (62.5%), dry cough (37.5%), cough and expectoration (37.5%), and anorexia (25%) were the most common symptoms of COVID-19 infection. Additionally, headache (18.7%), chills (12.5%), pharyngalgia (12.5%), runny nose (12.5%), muscle soreness (12.5%), chest distress (6.3%), and diarrhea (6.3%) were found in some patients. A few patients had comorbidities such as hypertension (12.5%), diabetes mellitus (12.5%), cardiovascular disease (6.3%), cerebrovascular disease (6.3%) or bronchitis (6.3%) at admission. All patients received antiviral (lopinavir and ritonavir), traditional Chinese medicine (oral administration) and recombinant human interferon (aerosol inhalation) treatments; more than half of the patients (56.3%) required high-flow oxygen therapy; a few patients received anticoagulant (heparin sodium, 37.5%), digestant (31.3%), antibiotic (25%), glucocorticoid (18.7%) and immunoglobulin (6.3%) treatments if necessary; and two (12.5%) patients needed intensive unit care. All patients were cured to discharge after adequate treatment, including one severe case aged 89 years. The median length of hospital stay of all patients was 17 (IQR: 14-20) d.

Laboratory tests of patients at admission, upon hospitalization and before discharge
By comparing the results of routine blood examination at different times (Figure 1), we found that the red blood cell (RBC) count [(4.66 ± 0.51) × 109/L], RBC distribution width_CV (RDW_CV) (10.7% ± 0.8%), hemoglobin content (127 ± 34 g/L), white blood cell (WBC) count [(4.75 ± 1.77) × 109/L], neutrophil count [(3.3 ± 2.1) × 109/L] and percent of neutrophils (55.28% ± 14.65%) were close to the lower end of the normal range (NR) or below at admission and did not change significantly during the three time periods. The platelet count was normal at admission but increased [(241 ± 68) × 109/L; P = 0.026] significantly after treatment. The lymphocyte count [(1.39 ± 0.37) × 109/L] was lower at admission but increased [(1.93 ± 0.60) × 109/L, P = 0.024] significantly after treatment. The eosinophil (EO) count [(0.0145 ± 0.009) × 109/L] and percent of EO% (0.36% ± 0.29%) were below the NR at admission but increased significantly after treatment, although they were still at the lower end of the NR. Additionally, the percentage of lymphocytes, monocyte count, percentage of monocytes, basophil count and percentage of basophils were nearly in the MR and did not change at different times.
The ESR was always close to the middle upper end of the NR or above at different times (Figure 2). However, most patients who had undergone examination of the high sensitivity CRP (hs-CRP) test at admission had obviously increased levels (4.0 ± 2.7 mg/L), and all patients returned to the NR before discharge (1.2 ± 0.8 mg/L; P = 0.005). A similar change trend was found for the CRP levels (P = 0.035). The indices associated with the function of coagulation (Figure 3)-i.e., the prothrombin time, prothrombin activity, international normalized ratio, prothrombin ratio, activated partial thromboplastin time, thrombin time and D-dimer level-were always in the NR for all patients, except for the fibrinogen (FIB) level, which was above the NR (4.3 ± 1.4 g/L) and returned to the NR (P = 0.117) after anticoagulant treatment.
Among the fifteen blood biochemistry indices reflecting the liver function of patients (Figure 4), glutamyl transpeptidase (GGT), alkaline phosphatase, cholinesterase and total bile acid were nearly in the NR at different times. The total protein (TP) level (72 ± 6 g/L), albumin (ALB) level (42 ± 6 g/L), ratio of ALB and globulin (GLO) (1.5 ± 0.4), and prealbumin (PA) level (280 ± 110 mg/L) were close to the middle lower end of the NR or below at admission, and the total bilirubin (TBIL) (17 ± 9 μM), direct bilirubin (DBIL) (4.0 ± 1.8 μM), and indirect bilirubin (IBIL) (11.7 ± 6.1 μM) levels and aspartate transferase (AST) activity (33 ± 14 U/L) were close to the middle upper end of the NR or above at admission; these findings predicted the impaired liver function of patients after developing COVID-19. Even worse, alanine transaminase (ALT) activity (51 ± 27 U/L; P = 0.038) and AST activity (44 ± 11 U/L; P = 0.083) increased, whereas the GLO level (23.6 ± 3.8 g/L; P = 0.014) decreased after hospitalization, observations that predicted aggravated liver dysfunction after treatment. These data are consistent with the obviously increased levels of total cholesterol (TC) (4.9 ± 1.1 mmol/L; P = 0.069), triglyceride (TG) (2.56 ± 0.93 mmol/L; P = 0.0003), and apolipoprotein B (APOB) (1.0 ± 0.1 g/L; P = 0.040), slightly decreased level of high-density lipoprotein cholesterol (HDL-C) (P = 0.217) and slightly increased level of low-density lipoprotein cholesterol (LDL-C) (P = 0.200) after treatment (Figure 5). We speculated that the most substantial reason was the secondary liver injury likely induced by virus infection as well as overdosed medicines used during the treatment.
We next evaluated the renal function of patients at different times (Figure 6). Serum urea, uric acid, total CO2 and cystatin C levels were nearly in the NR at different times. The level of serum creatinine (66 ± 9 μM) was close to the lower end of the NR at admission and further reduced (56 ± 13 μM, P = 0.050) after treatment, which may indirectly reflect liver injury during virus infection. Additionally, the serum β2-MG (3.2 ± 1.0 mg/L) level in most patients was above the NR at admission and gradually returned to the normal level after treatment (P = 0.040), predicting kidney injury in patients after developing COVID-19. The serum biochemical indices associated with cardiac function (Figure 7)-i.e., creatine phosphokinase isoenzyme activity - were always in the NR at different times. However, the activities of creatine kinase (CK), lactic dehydrogenase (LDH) and α-hydroxybutyric dehydrogenase (α-HBDH) gradually decreased after treatment, indicating potentially slight heart damage in patients after developing COVID-19. Among the five blood biochemical markers associated with immunity (Figure 8), immunoglobulin M (IgM) and complement C4 were in the NR at admission, but IgA (181 ± 60 mg/dL), IgG (845 ± 193 mg/dL) and complement C3 (93 ± 17 mg/dL) were close to the middle lower end of the NR at admission, indicating low immunity for most patients after developing COVID-19.
CT imaging analysis of patients at admission, upon hospitalization and before discharge
According to chest CT image analysis of all patients at the three time periods, we found dynamic changes in CT characteristics for most patients (Figure 9). During the initial stage, ground-glass opacity was observed in the lungs. During the progressive stage, the lesions became larger, more consolidated or increased in number, more pulmonary lobes were affected, and fibrous stripes and the paving stone sign were observed. During the severe stage, consolidated lesions diffusely distributed in double lungs, enlarged fibrous stripes, signs of white lung and air bronchogram were observed. During the recovery stage, partial absorption of lesions was observed in the pulmonary lobes, and patients were in recovery. Representative CT images (2 cases) with various lesions are shown in Figure 9.

DISCUSSION
In the present study, we reported the epidemiological and clinical characteristics of 16 cases of laboratory-confirmed COVID-19 infections admitted to the People’s Hospital of Hebi (Hebi, China), a representative agricultural city in North China with one-fifth of the population working in other places year around. The first 6 confirmed cases returned from Wuhan after the Chinese Lunar New Year holiday began. Because the latency of COVID-19 has been reported to be as short as 2 d[15], a rapid increase in confirmed cases emerged in Hebi in the following week, followed by zero cases in the subsequent four days. These cases were likely imported and linked to the cases that appeared in Wuhan, China. From February 5, another 10 cases were confirmed, and 9 cases were identified in four family clusters; one case was of unknown origin. The latency of patients infected in Hebi ranged from 6 to 10 d, which was longer than that of the Wuhan exposure or Shenzhen exposure[15,16]. Notably, one patient who had returned from Wuhan had a latency as long as 22 d, and the onset of this patient was even later than that of his family member. No new cases were identified after February 11, 2020. Overall, COVID-19 is an efficient person-to-person transmission disease with different latencies and can be spread through asymptomatic patients. Therefore, the most effective precautionary measures for general areas were the lockdown and screening of people from epidemic areas and avoiding crowded areas, and more stringent public health measures should be implemented in epidemic areas before universal vaccination can be reached or effective medicines are developed.
Fever and the resulting fatigue were the typical symptoms for most patients at admission in Hebi, a finding similar to that reported for patients in Wuhan[17]. Therefore, the simplest approach to screen potential infections is the monitoring of body temperature. Additionally, respiratory infection symptoms such as dry cough, cough and expectoration and digestive system symptoms such as anorexia were the common symptoms in our study. The median time of hospital stay was 17 (14, 20) d in this study, and all the patients were cured to discharge. We predicted that the high cure rate might be associated with the relatively young age of the patients. These findings agree with most of the study findings showing that patients aged older than 60 years are more likely to become critical cases[18,19].
According to the laboratory test results, the WBC count, neutrophil count, percent of neutrophils, and lymphocyte count were close to the lower end of the NR or below at admission. Among these, leukopenia is a significant laboratory index for COVID-19 infection and its increase often predicts an improvement of this disease[20]. In our study, the lymphocyte count of most patients increased after adequate treatment and nearly recovered to the NR before discharge. Notably, the EO count and percent of EO% in most patients were below the NR at admission and increased to varying degrees after hospitalization. A similar phenomenon is observed in patients with COVID-19 and other severe infections[21], indicating that eosinopenia is associated with lower immune function and is an independent indicator of COVID-19 infection. Based on the available evidence, anemia is associated with severe infection of COVID-19 due to the interaction of SARS-CoV-2 and hemoglobin and resultant hemolysis[22,23]. Consistently, we found that the RBC count, RDW_CV and levels of hemoglobin were always close to the lower end of the NR or below during the entire treatment. Additionally, a previous study revealed that pro-inflammatory cytokines, including interleukin-2 receptor (IL-2R) and IL-6 in serum, increased significantly in severe patients with COVID-19[24], suggesting injury to cytokine storms caused by COVID-19 infection. CRP is a typical inflammatory marker in plasma produced during the acute phase of inflammation[25]. Similarly, our study also found that most patients showed increased levels of CRP, particularly hs-CRP, which recovered to the NR before discharge. ESR, another marker of systemic inflammation and a less expensive alternative to CRP, was also found to be increased in some patients at admission. The hypercoagulable state and secondary hyperfibrinolysis marked by an increased level of D-dimer are important pathological features of severe to critical types of COVID-19 infection[26]. Although increased D-dimer levels were not detected in our study, we still found upregulated plasma FIB levels in most patients at admission and recovery after anticoagulant treatment with heparin. Our findings are in accordance with a previous study showing that inflammatory and hematologic markers such as CRP, were elevated in patients with COVID-19 and suggested to be predictors of severe outcomes[27]. 
Liver damage is common in patients with COVID-19, and severe cases have a higher risk of liver dysfunction[28]. A recent study reported that the expression level of the ACE2 receptor in cholangiocytes is similar to that of alveolar type 2 cells, suggesting that SARS-CoV-2 directly binds to cholangiocytes and leads to liver damage[29]. However, a pathological study on liver tissue from a deceased COVID-19 patient showed that the viral titer was relatively low because no viral inclusion body was observed in the liver, but moderate microvascular steatosis and mild active inflammation of the hepatic lobular portal area were observed[30]. We found that GGT, an accurate diagnostic biomarker for cholangiocyte injury, was not elevated in most patients. However, relatively low levels of TP, ALB and PA, a decreased ratio of ALB/GLO, relatively high levels of TBIL, DBIL, and IBIL, and high AST activity were detected in most patients at admission, indicating that SARS-CoV-2 might directly damage liver function. Furthermore, the ALT and AST activities further increased, and the GLO level decreased after hospitalization. Additionally, increased levels of TC, TG, and APOB, slightly decreased levels of HDL-C and increased levels of LDL-C were detected in most patients after treatment. We predicted that the aggravated liver impairment and elevated blood lipids may be due to hepatotoxicity induced by both viruses and overdosed medicines used during hospitalization. Therefore, patients with severe liver dysfunction at admission may develop liver failure and must be given personalized medication to protect the liver, and patients should undergo regular evaluation of liver function even after discharge.
Renal dysfunction or even acute kidney injury occurs in approximately half of patients with COVID-19, the main features of which are proteinuria, hematuria, increased levels of blood urea nitrogen and serum creatinine[31]. This finding implies the possibility that cells in the kidney may be directly infected by SARS-CoV-2. Based on the online analysis of ACE2 expression in different human organs and immunohistochemistry tests, Fan et al[32] proved that ACE2 is highly expressed in renal tubular cells. Similarly, our study also demonstrated that more than half of patients showed a sustainable increase in β2-MG levels at admission and a decrease after treatment. Considering this evidence, renal function evaluation of confirmed cases should be performed at admission, and more intensive surveillance and potential interventions should be given for severe patients to prevent fatality. Additionally, SARS-CoV-2 can cause fatal consequences for patients who have underlying cardiovascular diseases or cardiac risk factors and cardiac injury for patients without potential cardiovascular disease[33]. For more detailed information on the relationship between COVID-19 and the cardiovascular system, please refer to the review elaborately summarized by Kwenandar et al[34]. In our study, the myocardial enzyme activities associated with cardiac function were nearly in the NR at admission, but the activities of CK, LDH and α-HBDH were reduced to varying degrees after the treatment. To our knowledge, the human population has no immunity to SARS-CoV-2, and older people are susceptible to COVID-19 and may develop more severe symptoms than younger people[19], indirectly indicating that immunity is the most effective way to block and fight against COVID-19 infection. According to the results of immunity-associated tests, the levels of IgA, IgG and complement C3 were relatively low for most patients at admission, demonstrating the low immunity of these cases.
This retrospective study still has significant limitations. First, we had a relatively small number of confirmed cases, and not all patients were examined for the above laboratory tests during the three time periods (at admission, upon hospitalization and before discharge) because of condition limitation; hence, the number of cases in some figures was less than 16. Second, the specific Ct values of RT-PCR to identify the genes of SARS-CoV-2 were largely lacking, and no method exists to analyze the correlation of virus titers with the severity of symptoms and data concerning laboratory tests. Third, follow-up studies on most patients at discharge regarding abnormal phenomena such as eosinopenia and aggravated liver function were also lacking. Thus, a stricter experimental design and complete data collection are required in future studies.

CONCLUSION
Collectively, our study indicated that COVID-19 is a highly contagious disease; hence, stringent public health measures are the most effective strategy to cut off its transmission before universal vaccination is reached or effective antivirals are developed. Leukopenia, eosinopenia, decreased EO%, elevated hs-CRP and FIB levels, and abnormal liver and renal function are valuable biochemical indices for most patients with COVID-19 infection, and aggravated liver dysfunction will be detected for most patients during treatment. Therefore, adequate laboratory tests, CT scanning at admission and dynamic monitoring of blood biochemical indices will be beneficial to identify and predict the response of patients to various treatment modalities. We hope our study on the 16 cases in Hebi will provide useful information to understand the prevention, diagnosis and treatment of COVID-19.

ARTICLE HIGHLIGHTS
Research background
There are no studies on the dynamic changes of biochemical indices of patients with coronavirus disease 2019 (COVID-19) at admission, upon hospitalization and before discharge. 

Research motivation
The epidemiological features and dynamic changes in blood biochemical indices for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients in Hebi, a representative city with a large floating population in North China, have not been well characterized. 

Research objectives
This retrospective study aimed to analyze the data of patients with COVID-19 at admission, upon hospitalization and before discharge in order to clarify the epidemiological features and dynamic changes in blood biochemical indices of this disease.

Research methods
All available medical information, especially the laboratory data, was collected from 16 cases of laboratory-confirmed COVID-19 infection at admission, upon hospitalization and before discharge.

Research results
Fever and fatigue were the common symptoms of COVID-19 infection. Leukopenia, eosinopenia, decreased percentage of eosinophils, elevated high sensitivity C-reactive protein and fibrinogen levels, abnormal liver and renal function were valuable biochemical indices for patients with COVID-19. Aggravated liver dysfunction could be detected in most patients during treatment. 

Research conclusions
Patients with COVID-19 have certain common symptoms at admission and dynamic changes in blood biochemical indices at admission, upon hospitalization and before discharge. Dynamic monitoring of blood biochemical indices can be beneficial to identify and predict the response of patients to various treatment modalities. 

Research perspectives
Further investigations on stricter experimental design, larger samples and complete data collection are required to confirm whether the findings of this study could be applied on a broader scale.
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Figure Legends
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[bookmark: _Hlk93090099]Figure 1 Dynamic changes in routine blood examination indices for patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. RBC: Red blood cell; RDW_CV: RBC distribution width_CV; HGB: Hemoglobin; PLT: Platelet; WBC: White blood cell; NEUT: Neutrophil; LYM: Lymphocyte; MONO: Monocyte; EO: Eosinophil; BASO: Basophil; NR: Normal range.
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[bookmark: _Hlk93091085][bookmark: _Hlk93091093]Figure 2 Dynamic changes in the serum erythrocyte sedimentation rate and C-reactive protein levels of patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; hs-CRP: High-sensitivity C-reactive protein; NR: Normal range.
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Figure 3 Dynamic changes in coagulation function indices for patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. PT: Prothrombin time; PTA: Prothrombin activity; INR: International normalized ratio; PTR: Prothrombin ratio; APTT: Activated partial thromboplastin time; FIB: Fibrinogen; TT: Thrombin time; NR: Normal range.
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Figure 4 Dynamic changes in liver function indices for patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. TP: Total protein; ALB: Albumin; GLO: Globulin; PA: Prealbumin; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; ALT: Alanine transaminase; AST: Aspartate transferase; GGT: Glutamyl transpeptidase; ALP: Alkaline phosphatase; CHE: Cholinesterase; TBA: Total bile acid; NR: Normal range.
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Figure 5 Dynamic changes in blood lipid indices for patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. TC: Total cholesterol; TG: Triglyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; APOPA1: Apolipoprotein A1; APOB: Apolipoprotein B; NR: Normal range.
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Figure 6 Dynamic changes in renal function indices for patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. UA: Uric acid; CREA: Creatinine; TCO2: Total CO2; Cys-c: Cystatin C; β2-MG: β2-microglobulin; NR: Normal range.
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Figure 7 Dynamic changes in myocardial enzyme activities for patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. CK: Creatine kinase; CK-MB: Creatine phosphokinase isoenzyme; LDH: Lactic dehydrogenase; α-HBDH: α-hydroxybutyric dehydrogenase; NR: Normal range.
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Figure 8 Levels of five blood biochemical markers of immunity for patients with coronavirus disease 2019 at admission. Ig: Immunoglobulin; NR: Normal range.
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Figure 9 Representative computed tomography images of two patients with coronavirus disease 2019 at admission, upon hospitalization and before discharge. A: Punctate ground-glass opacity (GGO) was observed in the inferior lobe of the right lung; B: Partial absorption was observed for the GGO lesion in the inferior lobe of the right lung; C: A striped high-density shade was only observed in the inferior lobe of the right lung after further absorption; D: Patchy GGO was observed in the inferior lobe of the left lung; E: Multiple patchy GGOs were observed in both lungs, and the number of lesions was increased; F: Remarkable absorption of patchy GGOs was observed in both lungs. The red boxes and arrows indicate abnormalities.

Table 1 Clinical features of patients with coronavirus disease 2019 at admission (n = 16)
	Variable
	

	Age (yr)
	34 (25, 53)

	≥ 60
	3 (18.7%)

	50-59
	2 (12.5%)

	40-49
	2 (12.5%)

	≤ 39
	9 (56.3%)

	Gender
	

	Male
	7 (43.7%)

	Female
	9 (56.3%)

	Exposure history
	

	Living in Wuhan
	7 (43.8%)

	Exposure to infected patients
	8 (50%)

	Unknown origin
	1 (6.2%)

	Number of new cases
	

	Jan 25 to Jan 31, 2020
	6 (37.5%)

	Feb 5 to Feb 10, 2020
	10 (62.5%)

	Time (d)
	

	Interval from onset to admission
	4 (2, 6)

	Hospital stay
	17 (14, 20)

	Symptoms
	

	Fever
	13 (81.3%)

	Fatigue
	10 (62.5%)

	Dry cough
	13 (37.5%)

	Cough and expectoration
	13 (37.5%)

	Anorexia
	4 (25%)

	Headache
	3 (18.7%)

	Pharyngalgia
	2 (12.5%)

	Running nose
	2 (12.5%)

	Chill
	2 (12.5%)

	Muscle soreness
	2 (12.5%)

	Diarrhea
	1 (6.3%)

	Chest distress
	1 (6.3%)

	Underlying disease
	

	Hypertension
	2 (12.5%)

	Diabetes
	2 (12.5%)

	Cardiovascular disease
	1 (6.3%)

	Cerebrovascular disease
	1 (6.3%)

	Bronchitis
	1 (6.3%)

	Treatments
	

	Antiviral treatment
	16 (100%)

	Traditional Chinese Medicine
	16 (100%)

	Recombinant human interferon
	16 (100%)

	High-flow oxygen therapy
	9 (56.3%)

	Anticoagulant treatment
	6 (37.5%)

	Digestant
	5 (31.3%)

	Antibiotic treatment
	4 (25%)

	Glucocorticoids
	3 (18.7%)

	Intensive care unit
	2 (12.5%)

	Immunoglobulin
	1 (6.3%)
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