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Abstract
BACKGROUND
[bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK1774][bookmark: OLE_LINK1775]Since its discovery in Wuhan, China in December of 2019, the novel coronavirus has progressed to become one of the worst pandemics seen in the last 100 years. Recently, there has been an increased interest in the hepatic manifestations of coronavirus disease 19 (COVID-19). 

AIM
To describe the demographic and clinical characteristics of COVID-19 positive patients and study the association between transaminitis and all-cause mortality. 

METHODS
This is a descriptive retrospective cohort study of 130 consecutive patients with a positive COVID PCR test admitted between March 16, 2020 to May 14, 2020 at a tertiary care University-based medical center. The Wilcoxon-rank sum test and paired t-test were used for comparing non-parametric and parametric continuous variables respectively and a multivariable logistic regression models to study the association between transaminitis and mortality using SAS version 9.4 (SAS Institute, Cary, NC, United States).

RESULTS
[bookmark: OLE_LINK244][bookmark: OLE_LINK245]Out of the 130 patients, 73 (56%) patients were found to have transaminitis and 57 (44%) did not. When compared to patients without transaminitis, the transaminitis group was found to have a higher median body mass index (30.2 kg/m2 vs 27.3 kg/m2, P = 0.04). In the multivariate analysis those with transaminitis were found to have 3.4 times higher odds of dying as compared to those without transaminitis adjusting for gender, the Age-adjusted Charlson Comorbidity Index and admission to the intensive care unit (P = 0.03). 

CONCLUSION
Our study showed that transaminitis on admission was associated with severe clinical outcomes such as admission to the intensive care unit, need for mechanical ventilation, and mortality.
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[bookmark: OLE_LINK2153][bookmark: OLE_LINK2154][bookmark: OLE_LINK1804][bookmark: OLE_LINK1805]Core tip: Gastrointestinal symptoms have been well described in coronavirus disease 19 (COVID-19). In recent studies, transaminitis has been seen in patients with COVID-19. Our study has compared the characteristics between patients with transaminitis and patients without transaminitis. Transaminitis on presentation is an indicator of higher mortality in patients with COVID-19. This study shows the importance of identifying transaminitis in patients with COVID-19. It will help clinicians prognosticate based on the presence or absence of transaminitis on initial presentation.

INTRODUCTION
[bookmark: OLE_LINK1735][bookmark: OLE_LINK1736][bookmark: OLE_LINK1651][bookmark: OLE_LINK1652]Since its first description in Wuhan, China in December of 2019, the novel Coronavirus has progressed to become arguably the worst pandemic seen in the last 100 years[1,2]. The ease of transmissibility of the virus coupled with its penchant for resulting in life-threatening acute respiratory distress syndrome in certain groups of the population[3] has resulted in international lockdowns. As of June 20, 2020, 8.3 million cases have been reported in 213 countries, of which 2 million are present in the United States alone. While it took two and half months to reach 100000 coronavirus disease 19 (COVID-19) cases in the United States, it only took another 2 mo to reach 100000 COVID19 associated death[4,5].
While it is evident that manifestations are primarily respiratory in nature[6], the gastrointestinal manifestations of COVID-19 too, have been described as an important finding and have sparked a great deal of interest among clinicians and researchers alike. There currently exists a great deal of literature describing the GI manifestations of COVID-19 and its importance in diagnosis, prognosis and mode of transmission[7-9]. The most commonly described gastrointestinal symptom that has been reported is diarrhea, which has been reported to be present in 3%-30% of patients testing positive with COVID-19[7-10]. The presence of viral shedding in stool samples of patients with evidence that gastrointestinal symptoms may manifest devoid of respiratory complaints lays the basis for a potential fecal-oral mode of transmission[9,11]. Other symptoms, such as nausea, vomiting and abdominal pain have also been studied in great detail and have implications for patient prognosis[12].
[bookmark: OLE_LINK1738][bookmark: OLE_LINK1739]More recently, there has been an increased interest in the hepatic manifestations of COVID-19[13-15]. Studies suggest that transaminases may act as a surrogate marker for disease severity and a predictor of mortality[15,16]. This may be in part due to the similarity of the genome between COVID-19 [severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)] and SARS-CoV[17] or due to the ability of the virus to bind to the ACE2 receptor[7,18,19] which has now been established to be present in not only the alimentary canal[9,20], but also in hepatic cholangiocytes[12,21]. This binding would allow for viral entry and replication within the hepatocytes during the initial phases. 
The clinical impact of the hepatic manifestations of COVID-19 infection has led to our attempt to describe the association of transaminitis with patient morbidity and mortality in the Central New York population. This would be the first study in the United States, outside of New York City to study the effect of the disease on liver function. The aims of our study are to describe the demographic and clinic characteristics of hospitalized COVID-19 positive patients and study the association between transaminitis and all-cause mortality. 

MATERIALS AND METHODS
Study design
This is a retrospective cohort study of 130 consecutive patients with a positive COVID PCR test admitted between March 16, 2020 to May 14, 2020 at a tertiary level University medical center. The study was approved by SUNY Upstate Institutional Review Board (IRB). Adult patients ≥ 18 years with a COVID positive PCR test, admitted to either of the hospitals, were included in the study. Patients who were 90 years and older or those that tested positive but did not get admitted to the hospital (including patients who only had ED visits) were excluded from the study. All study participants were followed until discharge or death until May 25, 2020. 
[bookmark: _Hlk5194913][bookmark: OLE_LINK1444][bookmark: OLE_LINK1649][bookmark: OLE_LINK1650][bookmark: OLE_LINK1740][bookmark: OLE_LINK1741][bookmark: OLE_LINK1653][bookmark: OLE_LINK1654][bookmark: OLE_LINK1752][bookmark: OLE_LINK1753]A manual review of electronic medical records was done by three authors (Suresh Kumar VC, Mukherjee S and Harne PS). Data was abstracted into an IRB approved data collection sheet. An initial screen yielded 340 eligible medical records (Figure 1). Upon viewing the charts individually using the inclusion and exclusion criteria, a total of 210 records were excluded (154 patients were not admitted in either hospital, 40 patients did not possess an aspartate aminotransferase/alanine aminotransferase (AST/ALT) on admission, 16 patients were above the age of 89). A total of 130 patients were included in the study. Information on co-morbidities was examined and extracted based on ICD-9 and ICD-10 codes attached to the medical records and was manually verified for accuracy by one of the authors. Only laboratory and imaging findings on the initial presentation to the hospital were included in our study. Peak values or trends were not examined due to the potential for several confounders. All data were assessed based on the reference ranges of our institution’s laboratory and was represented in standard units. We defined elevated liver enzymes or transaminitis as an elevation in ALT and/or AST. In women, the upper limit of normal (ULN) was > 32 IU/L for AST and > 33 IU/L for ALT. In men, the ULN was > 40 IU/L for AST, > 41 IU/L for ALT. Comorbidity was measured using the age-adjusted Charlson Comorbidity Index (AACI) score which predicts a 10-year survival based on the total score. The AACI score was based on the weighted sum of a patient’s pre-existing comorbid conditions and a point was added for every decade of life after age 50[22,23] (Table 1).

Statistical analysis
We included 130 patients based on the inclusion and exclusion criteria. The Wilcoxon-rank sum test and paired t-test were used for comparing non-parametric and parametric continuous variables respectively. The Chi-square test was used for comparing categorical variables. We used multivariable logistic regression models to study the association between transaminitis and death. Further, we used the median AACI to categorize individuals as having a high or low comorbidity score. A two-sided α of 0.05 was used to establish significance. All analyses were performed by a biomedical statistician (Gupta K) in SAS version 9.4 (SAS Institute, Cary, NC, United States).

RESULTS
Patient characteristics
A total of 130 adult patients were included in the final analysis. 59 (45.4%) were females and 71 (54.6%) were males with a median age of 62 years. On average, the patients were found to be overweight with a median body mass index of 28.7 kg/m2. The median AACI was found to be 3.5 indicating that the average 10-year survival was at least greater than 53% based on the score. 58 patients (44.6%) were admitted to the intensive care unit and 43 (33.1%) required ventilator support. Of 102 (78.5%) patients were discharged from the hospital, 28 (21.5%) died with a follow-up rate of 100%.

[bookmark: OLE_LINK1756][bookmark: OLE_LINK1757][bookmark: OLE_LINK1827][bookmark: OLE_LINK1828]The median enzymes were ALT-29 IU/L, AST-39 IU/L, alkaline phosphatase (ALP)-77 IU/L, total bilirubin-0.4 mg/dL and direct bilirubin-0.2 mg/dL (n = 92). Although 46 (35.4%) patients were on medications such as that could impact liver function such as acetaminophen, statins etc., all 130 patients had baseline AST, ALT and ALP values that were within the ULN prior to this hospitalization indicating that the medications were not a confounding factor. For gastrointestinal (GI) symptoms, 34 (26.2%) had diarrhea, 34 (26.2%) had anorexia, 32 (24.6%) had nausea, 21 (16.2%) had abdominal pain and 37 (28.5%) had other GI symptoms such as loss of taste, vomiting, constipation, dysphagia, and reflux. The baseline clinical characteristics of the study population are summarized in Table 2.
[bookmark: OLE_LINK1657][bookmark: OLE_LINK1658][bookmark: OLE_LINK1758][bookmark: OLE_LINK1759][bookmark: OLE_LINK1760][bookmark: OLE_LINK1761][bookmark: OLE_LINK1762][bookmark: OLE_LINK1763][bookmark: OLE_LINK1764][bookmark: OLE_LINK1765][bookmark: OLE_LINK1770][bookmark: OLE_LINK1771]Of 73 (56%) patients were found to have transaminitis and 57 (44%) did not have transaminitis. There was no significant difference in age or gender between the groups. When compared to patients without transaminitis, the transaminitis group was found to have a higher median body mass index (BMI) (30.2 kg/m2 vs 27.3 kg/m2, P = 0.04). They had a higher median ALT (48 IU/L vs 15 IU/L, P < 0.001), AST (66 IU/L vs 20 IU/L, P < 0.001], ALP [97 IU/L vs 70 IU/L, P < 0.001]. The patients with transaminitis also had significantly lower albumin (3.0 g/dL vs 3.4 g/dL, P = 0.01). Patients with transaminitis had more chest X-ray findings such as ground glass opacities and bilateral infiltrates (75.3% vs 56.1%, P = 0.02). They had a higher rate of intensive care unit (ICU) admission (53.4% vs 33.3%, P = 0.02) and higher rate of need for ventilator support (42.5% vs 21.1%, P = 0.02). The difference between the two groups are shown in Table 3.
In the univariate analysis to study the association between death and presence of transaminitis, those with transaminitis had 2.9 times higher odds of dying as compared to those without transaminitis (P = 0.03). This association remained significant after adjusting for confounders (Table 4). In the multivariate analysis those with transaminitis were found to have 3.4 times higher odds of dying as compared to those without transaminitis adjusting for gender, the AACI and admission to the ICU. An AACI score above the median value of 3.5 (OR = 2.9, 95%CI: 3.5-48.4) and admission to the ICU (OR = 3.6, 95%CI: 1.2-10.4) were significantly associated with the outcome in the final model. 

DISCUSSION
Hepatic manifestations (such as transaminitis, bilirubin elevations, hypoalbuminemia, etc.) resulting in an overall disturbance in homeostasis is garnering attention as a clinically significant consequence of COVID-19 infection. We defined transaminitis as elevations of either AST or ALT more than the ULN. In our retrospective cohort study of 130 patients, we found that patients with transaminase elevation had an overall 2.9-times higher odds of dying as compared to those who did not. Additionally, it was seen that transaminase elevation was more likely to be seen in patients who were admitted to the ICU and required mechanical ventilation. This potentially reveals the role of transaminase elevation as a prognostic marker for patients infected with the SARS-CoV-2 virus. This finding was in concert with the studies suggesting a higher risk of ICU admission, mechanical ventilation, and deaths in patients with evidence of transaminitis on admission[8,15].
The mechanism of liver injury in COVID-19 infection is largely unknown. The expression of the ACE2 receptor not only on the alimentary canal but also on the hepatic cholangiocytes and biliary epithelial cells seems to be implicated in viral entry and replication. The consequent liver injury is thought to be due to the insults mediated by direct viral effects and the host’s immune response[7,12,18,19,21,24]. A mixed hepatocellular pattern of liver injury was observed in our patients with a statistically significant elevation of total bilirubin levels in the patients with transaminitis, consistent with impaired clearance and cholestasis which would be expected with the expression of ACE2 receptor on biliary epithelia.
[bookmark: OLE_LINK1766][bookmark: OLE_LINK1767]Emerging data on hypoalbuminemia and thrombosis points towards the impaired synthetic function of the liver in patients with COVID-19 infection[25]. In our study, patients with transaminitis had a greater degree of hypoalbuminemia, which was similar to the study conducted by Phipps et al[15]. 
Obese patients have a higher level of free fatty acids which puts them at risk of transaminitis. The BMI of a patient has been an independent predictor of hospitalization and severity of COVID-19 infection as outlined by Stefan et al[26] in their review. Our study showed that patients with transaminitis (with normal baseline transaminases) were more likely to have a higher BMI than those without transaminitis. Our patients in the transaminitis arm had a larger incidence of ground-glass opacities on chest X-rays as compared to the non-transaminitis arm, which was another indicator of the severity of this disease.
The existing literature points towards diarrhea as the most common GI complaint in COVID-19 patients[6,7,9,10]. Although not statistically significant, diarrhea seemed to be more common in patients with transaminitis than those without (P = 0.05), however, further studies are required to substantiate an association.

Strengths and limitations
Our study is the first study to our knowledge outside of New York City in the United States focusing on establishing an association between transaminitis and various patient demographic and clinical characteristics as well as morbidity and mortality parameters in patients with COVID-19 infection. We had a follow-up rate of 98.5% which helped minimize attrition. We attempted to minimize confounding by using initial lab values on presentation rather than trends or peaks.
However, the study was not without limitations. The sample size was relatively small as compared to already published data on the subject. A comparison group of non-COVID19 patients would have helped minimize bias further. Finally, since the data is from admitted patients in two hospitals, it might not be generalizable to the general population especially with asymptomatic or mild disease.

CONCLUSION
In this study, transaminitis on admission was associated with severe clinical outcomes. Its potential role as a prognostic marker for hospitalized patients with COVID-19 infection is highlighted here.

ARTICLE HIGHLIGHTS
Research background
Since its discovery in Wuhan, China in December of 2019, the novel coronavirus has progressed to become one of the worst pandemics seen in the last 100 years. Recently, there has been an increased interest in the hepatic manifestations of coronavirus disease 19 (COVID-19).

Research motivation
To understand if transaminitis was an indicator of severity of the disease in patients with COVID-19.

Research objectives
Describe the demographic and clinical characteristics of COVID-19 positive patients and study the association between transaminitis and all-cause mortality.

Research methods
This is a retrospective cohort study of 130 consecutive patients with a positive COVID PCR test admitted between March 16, 2020 to May 14, 2020 at a tertiary care University-based medical center. 

Research results
[bookmark: OLE_LINK1768][bookmark: OLE_LINK1769]Transaminitis on admission was associated with severe clinical outcomes such as admission to the intensive care unit, need for mechanical ventilation, and mortality. 

Research conclusions
There is a potential role of transaminase elevation as a prognostic marker for hospitalized patients with COVID-19 infection.

Research perspectives
This brings into perspective the need for careful assessment for transaminitis on presentation in a patient with COVID-19 as this is shown to be an indicator for mortality in this study.
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[bookmark: OLE_LINK1800][bookmark: OLE_LINK1803]Figure 1 Patient selection flow diagram. COVID: Coronavirus 19; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
 
Table 1 Charlson Co-morbidity index
	Co-morbid condition
	cCCI weights
	[bookmark: OLE_LINK1789][bookmark: OLE_LINK1792]uCCI weights

	Myocardial infarction
	1
	0

	Congestive heart failure
	1
	2

	Peripheral vascular disease
	1
	0

	Cerebrovascular disease
	1
	0

	Dementia
	1
	2

	Chronic obstructive pulmonary disease
	1
	1

	Connective tissue disorder
	1
	1

	Peptic ulcer disease
	1
	0

	Mild liver disease
	1
	2

	Diabetes without complication
	1
	0

	Diabetes with complication
	2
	1

	Hemiplegia or paraplegia
	2
	2

	Chronic kidney disease stage III
	2
	1

	Any malignancy without metastasis
	2
	2

	Leukemia
	2
	

	Lymphoma
	2
	

	Moderate or severe liver disease
	3
	4

	Metastatic tumor
	6
	6

	[bookmark: OLE_LINK1815][bookmark: OLE_LINK1816]AIDS
	6
	4

	Maximum score
	33
	24


[bookmark: OLE_LINK1832][bookmark: OLE_LINK1833]Adapted from Ternavasio-de la Vega et al[27] (2018). AIDS: Acquired Immune Deficiency Syndrome; cCCI: Classical Charlson Comorbidity Index; uCCI: Updated Charlson Comorbidity Index.

[bookmark: OLE_LINK1817][bookmark: OLE_LINK1818]Table 2 Demographic and baseline characteristics of the study population
	Variable
	Study population
(n = 130)

	Age, yr, median (IQR)
	62 (48, 73)

	Females
	59 (45.4)

	Body mass index, kg/m2, median (IQR)
	28.7 (26, 36)

	Smoking
	38 (29.2)

	Alcohol
	30 (23.1)

	Diarrhea
	34 (26.2)

	Nausea
	32 (24.6)

	Abdominal pain
	21 (16.2)

	Anorexia
	34 (26.2)

	Other gastro-intestinal symptoms1
	37 (28.5)

	X-ray findings2
	87 (66.9)

	Hypertension
	69 (53.1)

	Admitted to ICU
	58 (44.6)

	On ventilator
	43 (33.1)

	Age-adjusted Charlson Index, median (IQR)
	3.5 (1, 6)

	On medications with gastro-intestinal side-effects 
	46 (35.4)

	Death
	28 (21.5)

	Lactic Acid, mean (SD), n = 97
	1.7 (1.4)

	[bookmark: OLE_LINK1819][bookmark: OLE_LINK1820]Lactic acid dehydrogenase, mean (SD), n = 92
	424 (182.6)

	[bookmark: OLE_LINK1821][bookmark: OLE_LINK1822]D-dimer, median (IQR), n = 105
	1.7 (0.9, 3.7)

	Alanine aminotransferase, IU/L, median (IQR)
	29 (16, 53)

	Aspartate aminotransferase, IU/L, median (IQR)
	39 (23, 68)

	Alkaline phosphatase, IU/L, median (IQR)
	77 (60, 115)

	Total bilirubin, mean (SD)
	0.4 (0.3)

	[bookmark: OLE_LINK1823][bookmark: OLE_LINK1824]Direct bilirubin, mean (SD), n = 92
	0.2 (0.1)

	Albumin, g/dL, mean (SD)
	3.2 (0.8)

	Prothrombin time, seconds, mean (SD), n = 81
	16.9 (8.1)


1Other gastro-intestinal symptoms include loss of taste or smell, constipation, dysphagia, reflux and vomiting; 2X-ray findings including ground glass opacities and bilateral infiltrate. All values are reported as n (%), mean (SD) or median (25th, 75th). P value: Chi-square test for categorical variables, two-sided t-test for parametric continuous variables and Wilcoxon rank-sum test for nonparametric continuous variables. ICU: Intensive care unit; IQR: Interquartile range.
 
Table 3 Characteristics of those with and without transaminitis 
	
	Transaminitis
(n = 73)
	No transaminitis
(n = 57)
	P value

	Age, yr, median (IQR)
	63 (48, 72)
	62 (48, 76)
	0.9

	Females
	31 (42.5)
	28 (49.1)
	0.4

	Body mass index, kg/m2, median (IQR)
	30.2 (26.5, 36.8)
	27.3 (24.5, 33.2)
	0.04

	Smoking
	19 (26)
	19 (33.3)
	0.4

	Alcohol
	20 (27.4)
	10 (17.5)
	0.2

	Diarrhea
	24 (32.9)
	10 (17.5)
	0.05

	Nausea
	18 (24.7)
	14 (24.6)
	1.0

	Abdominal pain
	11 (15.1)
	10 (17.5)
	0.7

	Anorexia
	19 (26)
	15 (26.3)
	1.0

	Other gastro-intestinal symptoms1
	19 (26)
	18 (31.6)
	0.5

	X-ray findings2
	55 (75.3)
	32 (56.1)
	0.02

	Hypertension
	38 (52.1)
	31 (54.4)
	0.8

	Age-adjusted Charlson Index, median (IQR)
	3 (1, 6)
	4 (1, 6)
	0.7

	On ventilator
	31 (42.5)
	12 (21.1)
	0.01

	Admitted to intensive care unit
	39 (53.4)
	19 (33.3)
	0.02

	On medications with GI side-effects 
	26 (35.6)
	20 (35.1)
	1.0

	Alanine aminotransferase, IU/L, median (IQR)
	48 (34, 84)
	15 (10, 20)
	< 0.001

	Aspartate aminotransferase, IU/L, median (IQR)
	66 (42, 100)
	20 (14, 26)
	< 0.001

	Alkaline phosphatase, IU/L, median (IQR)
	97 (66, 124)
	70 (56, 92)
	< 0.001

	Total bilirubin, mean (SD)
	0.6 (0.3)
	0.4 (0.2)
	< 0.001

	Albumin, g/dL, mean (SD)
	3.0 (0.8)
	3.4 (0.7)
	0.01


[bookmark: OLE_LINK1825][bookmark: OLE_LINK1826]1Other gastro-intestinal symptoms include loss of taste or smell, constipation, dysphagia, reflux and vomiting; 2X-ray findings including ground glass opacities and bilateral infiltrate. All values are reported as n (%), mean (SD) or median (25th, 75th). P value: Chi-square test for categorical variables, two-sided t-test for parametric continuous variables and Wilcoxon rank-sum test for nonparametric continuous variables. IQR: Interquartile range; GI: Gastrointestinal.

Table 4 Multivariable logistic model for death in patients with and without transaminitis 
	Variable
	Model 1
	Model 2
	Model 3

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Transaminitis
	2.9 (1.1-7.4)
	0.03
	3.1 (1.2-8.0)
	0.02
	3.4 (1.2-10.1)
	0.03

	Gender, reference females
	-
	
	0.5 (0.2-1.2)
	
	0.5 (0.2-1.4)
	

	AACI above median score of 3.5
	-
	
	 -
	
	12.9 (3.5-48.4)
	

	Admission to intensive care unit
	 -
	
	-
	
	3.6 (1.2-10.4)
	


[bookmark: OLE_LINK1829][bookmark: OLE_LINK1830][bookmark: OLE_LINK1831]Model 1 is unadjusted. Model 2 is adjusted for gender. Model 3 is adjusted for gender, age adjusted-Charlson Index and admission to the intensive care unit. AACI: Age adjusted-Charlson Index; OR: Odds ratio; CI: Confidence interval.
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