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Abstract
BACKGROUND
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Some patients with the novel 2019 coronavirus disease (COVID-19) display elevated liver enzymes. Some antiviral drugs that can be used against COVID-19 are associated with a risk of hepatotoxicity.

AIM
To analyze the clinical significance of the dynamic monitoring of the liver function of patients with COVID-19. 

METHODS
This was a retrospective study of patients diagnosed with COVID-19 in January and February 2020 at the Department of Infection, Shantou Central Hospital. The exclusion criteria for all patients were: (1) History of chronic liver disease; (2) History of kidney disease; (3) History of coronary heart disease; (4) History of malignancy; or (5) History of diabetes. The serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltransferase, and total bilirubin of patients with COVID-19 were measured on days 1, 3, 7 and 14 after admission, and compared to non-COVID-19 patents.

RESULTS
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Twelve patients with COVID-19 (seven men and five women) and twelve controls (eight men and four women) were included. There were one, two, and nine patients with severe, mild, and moderate COVID-19, respectively. There were no differences in age and sex between the two groups (both P > 0.05). No significant differences were found in albumin, ALT, AST, γ-glutamyltransferase, or total bilirubin between the controls and the patients with COVID-19 on day 1 of hospitalization (all P > 0.05). Serum albumin showed a decreasing trend from days 0 to 7 of hospitalization, reaching the lowest level on day 7. Total bilirubin was higher on day 3 than on day 7. ALT, AST, and γ-glutamyltransferase did not change significantly over time. The severe patient was observed to have ALT levels of 67 U/L and AST levels of 75 U/L on day 7, ALT of 71 U/L and AST of 35 U/L on day 14, and ALT of 210 U/L and AST of 123 U/L on day 21.

CONCLUSION
[bookmark: OLE_LINK30]Changes in serum liver function indicators are not obvious in the early stage of COVID-19, but clinically significant changes might be observed in severe COVID-19.
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[bookmark: OLE_LINK21][bookmark: OLE_LINK29][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Core Tip: Twelve patients with 2019 coronavirus disease and twelve controls were included. There were one, two, and nine patients with severe, mild, and moderate 2019 coronavirus disease, respectively. Serum albumin showed a decreasing trend from days 0 to 7 of hospitalization, reaching the lowest level on day 7. Total bilirubin was higher on day 3 than on day 7. Alanine aminotransferase, aspartate aminotransferase, and γ-glutamyltransferase did not change significantly over time.


INTRODUCTION
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]The novel 2019 coronavirus disease (COVID-19) has become one of the major epidemic diseases seriously endangering human health and public safety[1]. On February 11, 2020, the World Health Organization officially named the disease caused by the SARS-CoV-2 virus COVID-19[2]. The main features of COVID-19 are pulmonary, and the common signs are fever, cough, and shortness of breath, which can aggravate to respiratory failure requiring oxygen therapy or mechanical ventilation. Death may occur due to acute respiratory distress syndrome, sepsis, coagulopathy, or multiorgan failure, and the overall mortality was 2.3% in China[3], but could reach 34% in nursing homes[4,5], 50% in intensive care units[6], and 88% in patients receiving mechanical ventilation[7].
Besides the pulmonary manifestation of COVID-19, previous studies reported that COVID-19 might be associated with liver dysfunction[1,8-13]. This could be clinically significant because the “Novel Coronavirus Infected Pneumonia Treatment Scheme (Trial 5th Edition)” issued by the National Health Commission of China suggest that antiviral drugs such as lopinavir-ritonavir can be used in patients with COVID-19, and those drugs have adverse effects such as diarrhea, nausea, vomiting, and hepatotoxicity[14,15], which could aggravate pre-existing liver function damage. Despite reports of elevated liver enzymes in patients with COVID-19, data are lacking regarding the changes in liver function indicators during the course of COVID-19.
Therefore, the aim of the present retrospective study was to analyze the clinical significance of the dynamic monitoring of the liver function of patients with COVID-19. The results could provide an objective basis for the use of potentially hepatotoxic drugs and the management of liver injury in these patients.

MATERIALS AND METHODS
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Study design and participants
This was a retrospective study of patients diagnosed with COVID-19 in January and February 2020 at the Department of Infection, Shantou Central Hospital. The study was approved by the ethics committee of Shantou Central Hospital [(2020)-Research No.003]. The need for individual consent was waived because of the retrospective nature of the study.
COVID-19 was diagnosed according to the “Novel Coronavirus Infected Pneumonia Treatment Scheme (Trial 5th Edition)” issued by the National Health Commission of China. The exclusion criteria for all patients were: (1) History of chronic liver disease; (2) History of kidney disease; (3) History of coronary heart disease; (4) History of malignancy; or (5) History of diabetes. The outpatient medical examination participants with no history of chronic liver disease, kidney disease, coronary heart disease, tumor, and other viral infectious diseases in our hospital were collected as controls during the same period.

Laboratory test
Fasting venous blood was collected from patients with COVID-19 on days 1, 3, 7, and 14 after admission. The venous blood from the healthy controls was collected when they visited the hospital. Serum was separated to determine albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltransferase (GGT), total bilirubin (TBIL), and other biochemical indices. A biochemical analyzer (AU5800, Beckman, Brea, CA, United States) was used to determine the liver markers, using the manufacturer’s reagents and according to the manufacturer’s instructions.

Data collection
All data were collected from the medical charts, including age, sex, comorbidities, and laboratory values. The severity of COVID-19 was classified as: (1) Mild: With only mild clinical manifestations and imaging examinations showing no signs of pneumonia; (2) Moderate: With fever and respiratory symptoms and imaging examinations showing signs of pneumonia; (3) Severe: The patient met one or more of the following items: (a) With respiratory distress and respiratory rate ≥ 30 times/min; (b) Finger oxygen saturation ≤ 93% in the resting state; and (c) Arterial partial pressure of oxygen/concentration of oxygen inhalation ≤ 300 mmHg (1 mmHg = 0.133 kPa) {for high altitude areas (altitude > 1000 m), the arterial partial pressure of oxygen/ concentration of oxygen inhalation was adjusted according to the following equation: arterial partial pressure of oxygen/concentration of oxygen inhalation × [atmospheric pressure (mmHg)/760]}; in addition, the patients in whom pulmonary imaging showed that the lesion progressed > 50% within 24-48 h were also managed as severe cases; and (4) Critical: The patient met one or more of the following items: (a) Respiratory failure requiring mechanical ventilation; (b) Shock; and (c) Failure of other organs and required monitoring and treatment in the intensive care unit.

Statistical analysis 
SPSS 22.0 (IBM, Armonk, NY, United States) was used for data analysis. Continuous variables were presented as means ± standard deviation or as median and interquartile range according to their distribution, as determined by the Kolmogorov-Smirnov test. The biochemical indexes were compared between two groups using the Student t-test. The biochemical indexes were compared among different time groups using analysis of variance and the LSD post hoc test. P values < 0.05 were considered as statistically significant.

RESULTS
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Characteristics of the patients
Twelve patients with COVID-19 (seven men and five women) were included. They were 12-69 years of age (median of 37). There were one, two, and nine patients with severe, mild, and moderate conditions, respectively. All the patients were clustering cases, except patient 10, who had a travel history. All the patients were cured and discharged from hospital. The detailed information of patients was listed in the Table 1. Twelve controls (eight men and four women) were included. They were 16-65 years of age (median of 36.5). There were no significant differences in age and sex between the two groups (both P > 0.05).

Comparison in liver function indexes
There were no significant differences in albumin, ALT, AST, GGT, and TBIL between the controls and the patients with COVID-19 on day 1 of hospitalization (all P > 0.05) (Figure 1 and Table 2).

Dynamic changes in liver function indexes and prognosis before and after treatment
Serum albumin showed a decreasing trend from days 0 to 7 of hospitalization, reaching the lowest level on the seventh day (P < 0.001). TBIL was higher on day 3 of hospitalization than on day 7 (P = 0.025). There were no significant changes for the other markers (all P > 0.05). ALT, AST, and GGT did not change significantly over time (Figure 1 and Table 2). The severe patient was observed to have ALT levels of 67 U/L and AST levels of 75 U/L on day 7, ALT of 71 U/L and AST of 35 U/L on day 14, and ALT of 210 U/L and AST of 123 U/L on day 21. No abnormalities of ALT, AST, and GGT were observed in the other 11 patients. After treatment with bicyclol and compound glycyrrhizic acid preparation, liver function injury in the severe patient was improved.

DISCUSSION
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Some patients with COVID-19 display elevated liver enzymes[1,8-13]. Some antiviral drugs that can be used against COVID-19 are associated with a risk of hepatotoxicity[14,15]. Therefore, the aim of the present study was to analyze the clinical significance of the dynamic monitoring of the liver function of patients with COVID-19. The results suggest that the changes in serum liver function indicators are not obvious in the early stage of COVID-19, but clinically significant changes might be observed in severe COVID-19.
Patients with COVID-19 usually present with respiratory symptoms, such as fever, chest tightness, and cough. Some of them might also display liver biochemical abnormalities at different degrees[1,8-13]. In this study, 11 patients diagnosed with COVID-19 but with mild or moderate symptoms at admission showed no abnormalities in serum TBIL, ALB, ALT, AST, and GGT levels. Abnormalities were observed in one patient with severe COVID-19. This is supported by a previous study that reported little changes in liver function in mild and moderate COVID-19, but that severe cases should be monitored more closely[16]. In addition, Zhang et al[17] suggested that patients with a pre-existing liver condition and severe COVID should be managed more closely. However, this will require more observations to determine the most appropriate course of action. In acute respiratory distress syndrome, liver cirrhosis was independently associated with mortality[18]. Because the two viruses are close parents, the impact of cirrhosis should also be examined in COVID-19. A recent review indicated that liver marker abnormalities are common during the course of COVID-19, but that the clinically relevant liver abnormalities are rare[19]. It also showed that although patients with chronic liver diseases were not at a higher risk of being infected with SARS-CoV-2, patients with cirrhosis, liver cancer, fatty liver disease, liver transplant, or autoimmune hepatic diseases were at higher risk of severe COVID-19[19]. 
A study speculated that the mechanism of SARS-CoV-2-induced liver function injury might be related to a direct effect of the virus on angiotensin-converting enzyme 2, a receptor for SARS-CoV-2 that is highly expressed in the bile duct epithelium[20]. Previous clinical data showed that alkaline phosphatase and GGT levels reflecting bile duct injury in patients with COVID-19 were not significantly increased[8,9]. Nevertheless, 30 of 56 (54%) patients with COVID-19 had elevated GGT[17], but an exact cause of elevated GGT and alkaline phosphatase could not be found and was attributed to COVID-19. In the present study, all serum-related liver biochemical indices at admission for COVID-19 were not elevated compared with the control group, suggesting that SARS-CoV-2 has only a small direct effect on liver cells.
All patients in this study were treated with antiviral therapy using lopinavir and ritonavir, and the biochemical liver indices were monitored. One patient deteriorated on day 7 of hospitalization and was transferred to the intensive care unit for treatment. Liver biochemical indices were monitored, showing slightly increased ALT and AST. With the progression of the disease, ALT and AST were progressively increased, but GGT and alkaline phosphatase were normal. It is presumed that the causes of liver function injury might be related to the deterioration of his condition, to immune inflammation injury of heart, lung, and liver caused by systemic inflammatory response syndrome, and to deterioration of the condition presenting with respiratory failure and leading to hypoxic liver injury. When the patient’s condition was aggravated, considering a possible combination of bacterial infection, antibiotic treatment was given with lopinavir. In addition, the patient was already treated with lopinavir/ritonavir, and drug-induced liver injury could not be excluded. The patient was treated with high-flow moist oxygen, anti-infection therapy, compound glycyrrhizin, bicyclol, and other treatments. The patient eventually improved, recovered, and was discharged. Several studies reported that elevated ALT, AST, and TBIL in patients with COVID-19 are mainly observed in severe patients[1,8-13]. From the reports and clinical practice, COVID-19 liver injury is likely a secondary liver injury related to a severe inflammatory reaction and hypoxic liver injury. This study dynamically observed a case of severe COVID-19 with liver injury. Because of the retrospective nature of the study, we failed to carry out a liver biopsy to understand the pathological liver changes. Clinically, it was speculated that the main cause of liver injury might be severe systemic inflammatory response syndrome combined with ischemia and hypoxia.
Dynamic observation of other liver biochemical indices revealed that the serum albumin level of all patients was decreased significantly from day 3 to 7 after admission compared with day 1. Serum albumin is synthesized by the hepatic parenchymal cells and has a half-life of about 15-19 d in plasma. Decreased serum albumin is associated with chronic moderate to severe hepatic inflammation, cirrhosis, malnutrition, excessive weight loss, and increased alcohol consumption. All patients in this study had no chronic liver or kidney diseases but a progressive decrease in serum albumin, which might be due to albumin leakage into the interstitial tissues with edema. As our computed tomography characteristics show in Table 1 and other research has shown[21,22], COVID-19 was mainly manifested as interstitial pulmonary edema, and edema is generally accompanied with the leakage of serum albumin[23]. After active treatment of the primary disease and albumin supplementation, all COVID-19 patients showed improvement in serum albumin levels after 14 d. In this study, TBIL was increased in patients with COVID-19 on day 3 of admission compared with day 1. Serum DBIL did not change. The significance of TBIL changes is not clear and needs to be further investigated. Some studies reported that the liver markers recovered without specific treatments[1,24,25]. Future studies should examine whether treatments could help liver recovery in severe patients.
This study has limitations. First, the sample size was small, and only one patient had severe COVID-19. The retrospective nature of the study prevented the analysis of variables that were not routinely collected.

CONCLUSION
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]In conclusion, liver cell injury might occur in the early stage of COVID-19. Changes in serum liver function indicators are not obvious in the early stage of COVID-19, but clinically significant changes might be observed in severe COVID-19. Close monitoring on the liver function in severe patients can allow timely intervention for liver damage, help organ function recovery, and avoid deterioration of liver function.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Some patients with the novel 2019 coronavirus disease (COVID-19) display elevated liver enzymes. Some antiviral drugs that can be used against COVID-19 are associated with a risk of hepatotoxicity.

Research motivation
[bookmark: OLE_LINK45]To analyze the clinical significance of the dynamic monitoring of the liver function of patients with COVID-19. 

Research objectives
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK1][bookmark: OLE_LINK2]The main objectives of this retrospective trial study was to analyze the clinical significance of the dynamic monitoring of the liver function of patients with COVID-19.

Research methods
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]We retrospectively analyzed the liver indexes of patients diagnosed with COVID-19 in our hospital. The serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltransferase, and total bilirubin of patients with COVID-19 were measured on days 1, 3, 7, and 14 after admission, and compared to non-COVID-19 patents. We analyzed the dynamic changes in liver function index before and after treatment.

Research results
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]There were no significant differences found in albumin, ALT, AST, γ-glutamyltransferase, and total bilirubin between the controls and the patients with COVID-19 on day 1 of hospitalization (all P > 0.05). Serum albumin showed a decreasing trend from days 0 to 7 of hospitalization, reaching the lowest level on day 7. Total bilirubin was higher on day 3 than on day 7. ALT, AST, and γ-glutamyltransferase did not change significantly over time. The severe patient was observed to have ALT levels of 67 U/L and AST levels of 75 U/L on day 7, ALT of 71 U/L and AST of 35 U/L on day 14, and ALT of 210 U/L and AST of 123 U/L on day 21.

Research conclusions
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Changes in serum liver function indicators are not obvious in the early stage of COVID-19, but clinically significant changes might be observed in severe COVID-19.

Research perspectives
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Close monitoring on the liver function in severe patients can allow timely intervention for liver damage, help organ function recovery, and avoid deterioration of liver function.
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Figure Legends
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[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Figure 1 Liver function indexes. The control group was compared with Day 1 group by Student t-test. Different time of disease group using analysis of variance and the LSD post hoc test. Data are shown as mean ± standard deviation, n = 12. aP < 0.01, bP < 0.001. Con: Control group; Day 1-Day 14: Disease group. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; DBIL: Direct bilirubin; GGT: γ-glutamyltransferase; TBIL: Total bilirubin.

Table 1 Characteristics of the patients
	No.
	Sex
	Age
	Severity of diseases
	Symptoms
	Comorbidities
	CT characteristic
	AST at baseline, U/L
	ALT at baseline, U/L

	1
	M
	69
	2
	Fever, cough
	DM, COPD
	Interstitial changes
	31
	31

	2
	F
	66
	2
	Fever, cough
	DM
	Interstitial changes
	22
	38

	3
	F
	12
	1
	Sore throat
	-
	
	27
	19

	4
	M
	28
	1
	Sore throat
	-
	
	26
	30

	5
	M
	53
	2
	Fever, cough
	HBP
	Interstitial changes
	10
	19

	6
	M
	58
	3
	Fever, cough
	-
	Interstitial changes
	23
	37

	7
	F
	47
	2
	Sore throat
	-
	Interstitial changes
	32
	31

	8
	M
	31
	1
	Fever, cough
	-
	
	10
	14

	9
	F
	37
	2
	Fever, cough
	-
	GGO
	17
	22

	10
	M
	37
	1
	Sore throat
	-
	GGO
	23
	22

	11
	F
	33
	2
	Fever, cough
	DM
	Interstitial changes
	28
	25

	12
	M
	14
	2
	Sore throat
	-
	Interstitial changes
	52
	28


ALT: Alanine transaminase; AST: Aspartate transaminase; COPD: Chronic obstructive pulmonary disease; CT: Computed tomography; DM: Diabetes mellitus; GGO: Ground-glass opacity; HBP: High blood pressure.
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Table 2 Liver function indexes
	Indexes
	Control group
	Disease group

	
	
	Day 1
	Day 3
	Day 7
	Day 14
	P value

	Albumin in g/L
	40.42 ± 2.06
	42.22 ± 3.99
	36.59 ± 5.2a
	31.80 ± 3.83b
	36.98 ± 5.08a 
	< 0.001

	TBIL in µmol/L
	14.97 ± 6.54
	11.38 ± 5.53
	19.19 ± 6.25b
	14.55 ± 3.68
	12.00 ± 3.22c
	0.025

	DBIL in µmol/L
	2.62 ± 0.72
	2.44 ± 0.90
	3.24 ± 1.10
	3.15 ± 1.80
	2.42 ± 0.76
	0.199

	ALT in U/L
	27.22 ± 13.16
	24.08 ± 11.46
	21.82 ± 12.00
	24.29 ± 20.06
	32.00 ± 23.46
	0.753

	AST in U/L
	23.21 ± 8.59
	26.50 ± 7.28
	25.36 ± 4.38
	27.14 ± 19.36
	25.80 ± 7.66
	0.954

	GGT in U/L
	33.23 ± 14.95
	28.17 ± 18.70
	27.00 ± 16.95
	25.29 ± 12.68
	33.23 ± 14.95
	0.682


aP < 0.01 vs day 1.
bP < 0.001 vs day 1.
cP < 0.01 vs day 3. ALT: Alanine transaminase; AST: Aspartate transaminase; DBIL: Direct bilirubin; GGT: γ-glutamyltransferase; TBIL: Total bilirubin.
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