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Background. Liver injury in patients with coronavirus disease 2019 (COVID-19) is common and prognostic. Direct viral tro-
pism of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) for angiotensin-converting enzyme 2 receptors in hepato-
cytes may be one of the mechanisms of liver injury. We aimed to determine the role of viral persistence of SARS-CoV-2, based on
cycle threshold (Ct) value, in liver injury in COVID-19.

Methods. 'This was a territory-wide retrospective cohort study of all public hospitals in Hong Kong. Laboratory-confirmed
COVID-19 was identified. Serial liver biochemistries and Ct values of SARS-CoV-2 RNA were analyzed.

Results. 'We identified 7622 COVID-19 patients (mean age, 47 years; 48.2% male) diagnosed from March 24 to January 1, 2021,
who had serial liver biochemistries and Ct values. A total of 1363 (17.9%) COVID-19 patients had alanine transferase (ALT)/aspartate
aminotransferase (AST) elevations with 2 temporal patterns—early (within first 14 days of symptom onset) and late (>14 days from
symptom onset). COVID-19 patients with ALT/AST elevations had a lower Ct value at admission (23 vs 25; P < .001), day 5 (24 vs 26;
P <.001), and day 20 (31 vs 32; P < .001) after admission, compared with those without ALT/AST elevations. COVID-19 patients with
ALT/AST elevations had a longer duration from first positive to first negative reverse transcription polymerase chain reaction test for

SARS-CoV-2 (13 vs 9 days; P < .001). ALT/AST elevation and presence of diabetes were independent risk factors of viral persistence.

Conclusions.

Liver injury in COVID-19 is linked to a higher SARS-CoV-2 viral load during the early phase of infection, signi-

tying a possible direct viral injury to the liver. Prolonged viral persistence of SARS-CoV-2 is associated with liver injury.

Keywords.

COVID-19; cycle threshold value; liver injury; SARS-CoV-2; viral persistence.

Liver injury is frequently observed and prognostic in patients
with coronavirus disease 2019 (COVID-19) [1-3]. While this
is likely a multifactorial phenomenon related to infection, hy-
poxia, co-medications, etc., direct viral tropism for angiotensin-
converting enzyme 2 (ACE2) receptors in hepatocytes and
cholangiocytes has been proven [4, 5]. Despite the relatively
low percentage of hepatocytes expressing ACE2, receptor abun-
dance may not be always consistent with organ symptoms, as
transactivation of ACE2 may be triggered by inflammatory
signals such as type I interferon or interleukin-6 during se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
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infection [6]. Liver injury in COVID-19 patients remains a
therapeutic challenge, as it is strongly associated with adverse
clinical outcomes [3, 7, 8]; at the same time, therapeutic options
against SARS-CoV-2 are potentially hepatotoxic [9, 10].

Considering direct viral tropism in the liver, the viral dy-
namics of SARS-CoV-2 infection may be linked to the trajectory
of liver enzymes and risk of liver injury. In a recent modeling
study, SARS-CoV-2 viral load increased rapidly in the initial
stage and reached a peak, followed by a plateau phase possibly
generated by lymphocytes as a secondary target of infection. In
the last stage of infection, SARS-CoV-2 viral load declined due
to the emergence of adaptive immune responses. When initi-
ation of seroconversion was late or slow, the model predicted
viral rebound and prolonged viral persistence [11]. Hence viral
persistence of SARS-CoV-2 and delayed seroconversion may
reflect immunodeficiency, as has been observed in solid organ
transplant recipients [12, 13].

The role of viral persistence of SARS-CoV-2 in disease se-
verity in COVID-19 patients remains ambiguous, and data
are conflicting. Investigators in mainland China reported that
patients who had viral persistence for longer than 16 days
had more severe disease outcomes, including extensive lung
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involvement and requirement of respiratory support [14].
Another small study in Hong Kong, however, did not demon-
strate any association between prolonged persistence of SARS-
CoV-2 (>20 days after symptom onset) and severity of illness
[15]. Prolonged persistence of SARS-CoV-2 for more than
2 weeks was observed in nearly one-fourth of asymptomatic
COVID-19 patients [16]. Furthermore, no studies have specifi-
cally looked into the relationship between the level and persist-
ence of SARS-CoV-2 and liver injury. In the current study, we
aimed to determine the role of viral persistence of SARS-CoV-2
on liver injury in COVID-19 patients.

METHODS

Setting and Study Design

A territory-wide retrospective cohort study was performed
using data from the Clinical Data Analysis and Reporting System
(CDARS) under the management of the Hospital Authority of
Hong Kong [17]. CDARS is an electronic health care database
that covers patients’ demographics, death, diagnoses, proced-
ures, drug prescription and dispensing history, and laboratory
results from all public hospitals and clinics in Hong Kong [18].
The Hospital Authority provides >90% of health care service
to the entire population. All suspected and confirmed cases of
COVID-19 in Hong Kong are under the care of the Hospital
Authority. We performed testing for SARS-CoV-2 reverse tran-
scription polymerase chain reaction (RT-PCR) for both sympto-
matic patients presenting to outpatient clinics and hospitals, as
well as asymptomatic close contacts of confirmed patients and
inbound travelers. All data are de-identified in CDARS to en-
sure data privacy. Territory-wide studies on different infectious
diseases including COVID-19 have previously been conducted
using CDARS [3, 19-22]. The International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
coding was adopted in CDARS; its use in CDARS to identify
medical conditions has validated to be 99% accurate when
referenced to clinical, laboratory (including cycle threshold
[Ct] values of SARS-CoV-2 RNA), imaging, and endoscopy
results from electronic medical records [23]. The Centre for
Health Protection (CHP) at the Department of Health of the
Hong Kong Government provides daily updates on individual
laboratory-confirmed cases via its official website; data on date
of COVID-19 onset of all confirmed cases were obtained from
the CHP and linked to data in CDARS.

Subjects

We first identified consecutive laboratory-confirmed COVID-
19 patients from January 23, 2020, to January 1, 2021, by viro-
logical results (Supplementary Table 1) and linked them with
data on patients’ Ct values during infection, which had become
available on CDARS on March 24, 2020. Hence, we included all
COVID-19 patients diagnosed from March 24, 2020, to January

1, 2021, in the final analysis. We excluded patients who had
missing alanine transferase (ALT) measurements at the time
of diagnosis and those with no Ct values at the time of diag-
nosis or subsequent visits. Patients were followed until the last
day of hospitalization, last clinic visit, or death, whichever came
first. The study protocol was approved by the Joint Chinese
University of Hong Kong-New Territories East Cluster Clinical
Research Ethics Committee.

Clinical Evaluation

More than 99% of COVID-19 patients in Hong Kong were
admitted to medical wards or intensive care units with isola-
tion facilities. Initial investigations included a complete blood
count (with a differential count), clotting profile (prothrombin
time, activated partial thromboplastin time, international
normalized ratio [INR]), and serum biochemical measure-
ments (electrolytes, renal and liver biochemistries, C-reactive
protein and lactate dehydrogenase, glucose and procalcitonin)
[24]. These laboratory assessments and chest radiography were
performed regularly as clinically indicated. A standardized
real-time RT-PCR assay was used to detect a conserved region
in the E gene of SARS-CoV and SARS-CoV-2 as well as other
bat-associated SARS-related viruses (sarbecovirus) as screening
[25]. RT-PCR was positive if the Ct values of both the envelope
(E) and RNA-dependent RNA polymerase (RdRp) genes of
SARS-CoV-2 were <40 [26]. All positive samples were sent out
to the Public Health Laboratory Services Branch, Centre for
Health Protection, Department of Health, for confirmation by
real-time RT-PCR targeting the SARS-CoV-2-specific RNA-
dependent RNA polymerase gene region.

Clinical Management of COVID-19

Antibacterial therapy, using a beta-lactamase inhibitor or third-
generation cephalosporin with or without a macrolide or dox-
ycycline, was initiated if bacterial infection was suspected or
confirmed [27]. Supportive therapy, including supplemental ox-
ygen, intravenous fluid, vasopressor support, mechanical venti-
lation, and renal replacement therapy, was given as appropriate.
During the study period, patients were either recruited into
clinical trials (NCT04276688, NCT04292730, NCT04292899)
or given antiviral agents, including remdesivir, interferon
beta-1b, ribavirin, or lopinavir-ritonavir, as indicated according
to local interim guidelines. Systemic corticosteroids were given
in patients requiring supplemental oxygen therapy. Patients
were discharged when they improved clinically and with 2 con-
secutive clinical specimens testing negative for SARS-CoV-2.

Data Collection

Data were retrieved from CDARS in February 2021. Baseline
date was defined as the date of diagnosis of COVID-19 by
virological results. Demographic data including date of birth
and gender were captured. Death dates were captured and

2 « OFID « Wongetal


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab205#supplementary-data

ascertained using data from CDARS and the Hong Kong
Death Registry. Date of symptom onset was obtained from
CHP. At baseline, hematological and virological parameters
and liver and renal biochemistries were collected. Thereafter,
serial liver biochemistries, SARS-CoV-2 viral assays, and Ct
values were collected until the last follow-up (Supplementary
Table 1). We also retrieved data on other relevant diagnoses,
procedures, admission to the intensive care unit, concomi-
tant drugs, laboratory parameters, and exposure to antivirals,
antibiotics and antifungals, corticosteroids, interferon beta,
and immunoglobulin during hospitalization (Supplementary
Table 2).

Chronic hepatitis B and hepatitis C were defined based
on viral serology, use of antiviral treatment, and/or ICD-
9-CM diagnosis codes [20]. Liver cirrhosis was identi-
fied by ICD-9-CM diagnosis codes for cirrhosis and its
related complications and/or platelet counts <100x10°/L in
a measurement at least 30 days before COVID-19 diagnosis
(Supplementary Table 3). Hypertension was identified by any
use of antihypertensive drugs and/or ICD-9-CM diagnosis
codes (401-404); diabetes mellitus (DM) was defined by reg-
ular use of any antidiabetic agents, and/or hemoglobin A
>6.5%, and/or fasting plasma glucose >7.0 mmol/L, and/
or the ICD-9-CM diagnosis code for DM (250) [28]. Use of
invasive mechanical ventilation was defined by ICD-9-CM
procedure codes 96.04, 96.05, 96.7.

Definitions of Events

The primary outcome was ALT/aspartate aminotransferase
(AST) elevation, which was defined as ALT and/or AST >2X
the upper limit of normal (ULN). ULN of ALT and AST
were defined according to the criteria of the Asian Pacific
Association for the Study of the Liver (40 U/L for both gen-
ders) [29]. Early and late ALT/AST elevation were defined
as ALT/AST elevation that first developed within the first
14 days after symptom onset or after the first 14 days after
symptom onset, respectively. The trajectory of Ct values of
patients during SARS-CoV-2 infection and the time to first
negative RT-PCR were analyzed and compared in patients
with and without ALT/AST elevation. Negative RT-PCR of
SARS-CoV-2 was indicated by a negative qualitative result or
a quantitative Ct value >40.

Statistical Analysis

Data were analyzed using Statistical Product and Service
Solutions (SPSS), version 25.0 (SPSS, Inc., Chicago, IL, USA),
and R software (4.0.3; R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables are expressed as
mean * SD or median (interquartile range [IQR]), as appro-
priate, while categorical variables are presented as number (per-
centage). P values on multiple comparisons were adjusted by
Bonferroni correction. Qualitative and quantitative differences

between subgroups were analyzed by the chi-square test or
Fisher exact test for categorical parameters and the Student ¢
test or Mann-Whitney U test for continuous parameters, as ap-
propriate. Odds ratios (ORs) and adjusted ORs with 95% con-
fidence intervals of the lowest Ct value during SARS-CoV-2
infection on ALT/AST elevation were estimated by logistic re-
gression. Linear regression was used to examine the relation-
ship between ALT/AST elevation and time to first negative
RT-PCR of SARS-CoV-2 and between ALT/AST elevation and
the lowest Ct value during SARS-CoV-2 infection. We adjusted
for the following covariates: age; gender; presence of liver cir-
rhosis; DM; hypertension; use of corticosteroids, remdesivir,
and other antiviral agents including interferon-beta, lopinavir-
ritonavir, and/or ribavirin; and the lowest Ct value for linear
regression between ALT/AST elevation and time to first nega-
tive SARS-CoV-2 RT-PCR. No patients were excluded from the
analysis due to missing data. Backward stepwise selection was
used to select significant covariates in multivariable models. All
statistical tests were 2-sided. Statistical significance was set at P
<.05. Subgroup analyses were performed on patients with early
or late ALT/AST elevation, compared with patients without any
ALT/AST elevation.

RESULTS

Demographic Characteristics

We first identified 8675 COVID-19 patients (97.6% of all
COVID-19 patients reported to the Department of Health,
Hong Kong) from January 23, 2020, and January 1, 2021; 8318
patients diagnosed between March 24, 2020, and January 1,
2021, were linked to Ct value data; 7622 patients were included
in the final analysis (Figure 1). At baseline, most of patients
had compensated liver function: serum albumin 41 + 5 g/L,
total bilirubin 9 + 6 umol/L, median ALT (IQR) 23 (16-36)
U/L. Chronic hepatitis B, chronic hepatitis C, and liver cir-
rhosis were diagnosed in 340/5170 (6.6%), 47/4274 (1.1%), and
88 (1.2%) COVID-19 patients, respectively; 1261 (16.5%) and
1903 (25.0%) patients had liver cirrhosis, DM, and hyperten-
sion, respectively (Table 1).

March 24, 2020, and January 1, 2021

All subjects with SARS-CoV-2 infection between
n = 8318

441 missing Ct value
96 no Ct value at baseling
159 no ALT at baseline

696 subjects

excluded

All included subjects with ARS-CoV-2
infection between
March 24, 2020, and January 1, 2021
n = 7622

Figure 1. Patient flowchart. Abbreviations: ALT, alanine aminotransferase;
Ct, cycle threshold; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table 1. Clinical Characteristics of Patients With SARS-CoV-2 Infection Between March 24, 2020, and January 1, 2021, in Hong Kong

All Without ALT/AST Elevation With ALT/AST Elevation
Clinical Characteristics (n =7622) (n = 6259) (n =1363) PValue
Male gender, No. (%) 3675 (48.2) 2770 (44.3) 905 (66.4) <.001
Age, y 474 £19.2 459 +19.3 54.3 + 170 <.001
Ct value of RT-PCR test for SARS-CoV-2 at baseline 243 +6.8 247 +6.9 226 +6.3 <.001
23.6 (18.7-29.5) 24.1 (19.1-29.9) 21.6 (17.6-26.9) <.001
Lowest Ct value of RT-PCR test for SARS-CoV-2 226 +6.6 23.0+6.7 20.7 £5.8 <.001
21.5(171-274) 22.0 (175-28.0) 19.5 (16.2-24.5) <.001
Last Ct value of RT-PCR test for SARS-CoV-2 32.8+3.6 32936 32.8+3.7 .285
33.0 (30.9-35.1) 33.0 (30.9-35.2) 33.1 (30.9-35.1) 772
Platelets, x10%/L 2225+ 745 226.6 +74.4 203.8+72.3 <.001
Platelets <150x10%/L, No. (%) 1066 (14.0) 751 (12.0) 315 (23.1) <.001
INR 1.1+£02 1.0+ 0.1 11+04 .003
Missing, % 415 46.0 20.8
Albumin, g/L 405 +£5.0 40.8 +4.8 39.2+5.7 <.001
Total bilirubin, pmol/L 8.7+58 85+55 95+ 71 <.001
ALP xULN 06+0.3 06+02 0.7+05 <.001
ALT, U/L 23 (16-36) 21 (15-31) 42 (25-80) <.001
AST, U/L 28 (22-44) 25 (20-32) 52 (33-85) <.001
Missing, % 69.9 75.0 46.2
Creatinine, pmol/L 69 (58-83) 67 (57-81) 77 (66-91) <.001
CRP, mg/dL 1.6 + 3.1 12+25 32+47 <.001
Missing, % 1.3 15 0.4
LDH, U/L 213.8 £ 83.4 202.2 + 62.9 2670 + 131.3 <.001
Missing, % 15 17 0.9
WCC, x10%/L 5.7+ 2.1 5.6 +2.1 58+22 .001
WCC <3.56x10%/L, No. (%) 785 (10.3) 654 (10.5) 131 (9.6) .356
Neutrophil, x10%/L 3.6+18 35+ 17 40+2.1 <.001
Missing, % 0.3 0.4 0.1
Lymphocyte, x10%L 14 +0.8 1.5 +0.8 1.2+0.6 <.001
Lymphocyte <1x10%L, No. (%) 2137 (28.1) 1571 (25.2) 566 (41.6) <.001
Missing, % 0.3 0.4 0.1
HBV infection, No. (%) 340 (6.6) 257 (6.6) 83 (6.6) .966
Missing, % 32.2 376 7.0
HCV infection, No. (%) 47 (1.1) 36 (1.1) 11 (1.0 .635
Missing, % 43.9 49.8 171
Cirrhosis, No. (%) 88 (1.2) 70 (1.1) 18 (1.3) 527
Diabetes mellitus, No. (%) 1261 (16.5) 854 (13.6) 407 (29.9) <.001
Hypertension, No. (%) 1903 (25.0) 1363 (21.8) 540 (39.6) <.001
Medication use during follow-up, No. (%)
Remdesivir 576 (7.6) 372 (5.9) 204 (15.0) <.001
Corticosteroids 1300 (17.1) 702 (11.2) 598 (43.9) <.001
Dexamethasone 1243 (16.3) 667 (10.7) 576 (42.3) <.001
Hydrocortisone 120 (1.6) 54 (0.9) 66 (4.8) <.001
Prednisolone 67 (0.9) 35 (0.6) 32(2.3) <.001
Methylprednisolone 3(0.04) 1(0.02) 2 (0.1) .084
Peak corticosteroid daily dose, prednisolone equivalent, mg 45 (45-45) 45 (45-45) 45 (45-60) .003
Interferon beta, No. (%) 2859 (37.5) 1984 (31.7) 875 (64.2) <.001
Lopinavirritonavir, No. (%) 1505 (19.7) 1063 (17.0) 442 (32.4) <.001
Ribavirin, No. (%) 1648 (21.6) 1141 (18.2) 507 (37.2) <.001
Antibiotic treatment, No. (%) 2458 (32.2) 1682 (26.9) 776 (56.9) <.001
Antifungal treatment, No. (%) 41 (0.5) 11(0.2) 30(2.2) <.001
Oseltamivir, No. (%) 30 (0.4) 19 (0.3) 11(0.8) .007
IVIG, No. (%) 8(0.1) 2 (0.03) 6 (0.4) .001
Clinical outcomes in 60 d, No. (%)
Death 144 (1.9) 82 (1.3) 62 (4.5) <.001
ICU admission 374 (4.9) 144 (2.3) 230 (16.9) <.001
Invasive mechanical ventilation 179 (2.3) 57 (0.9) 122 (9.0) <.001

All concomitant medications are represented as binary parameters. Percentages were computed based on nonmissing values. Continuous variables are presented as mean + SD and me-

dian (interquartile range).

Abbreviations: ALP alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP C-reactive protein; HBV, hepatitis B virus; HCV, hepatitis C virus; ICU, intensive care unit;
INR, international normalized ratio; IVIG, intravenous immunoglobulin therapy; LDH, lactate dehydrogenase; ULN, upper limit of normal; SARS, severe acute respiratory syndrome; WCC, white cell count.
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Liver Injury and Serial Ct Value

ALT/AST elevation occurred in 1363 (17.9%) COVID-19
patients (Table 1). Patients who developed ALT/AST eleva-
tion were older; more likely to have DM and hypertension;
had higher alkaline phosphatase, total bilirubin, creatinine,
C-reactive protein, lactate dehydrogenase, and neutrophil; and
had lower albumin and Ct values at admission, lower trough Ct
values, and lower lymphocyte counts than patients who did not
develop ALT/AST elevation during SARS-CoV-2 infection. The
median (IQR) peak ALT was 124 (96-178) U/L and 27 (18-41)
U/L in patients with and without ALT/AST elevation, respec-
tively. The median (IQR) peak AST was 70 (42-110) U/L and
26 (21-36) U/L in those with and without ALT/AST elevation,
respectively.

Patients who developed ALT/AST elevation had a lower
Ct value, that is, higher viral load, at baseline; the observed
difference began at baseline and was sustained through the
first 20 days after baseline (Table 2, Figures 2A and B). At
baseline, the median (IQR) Ct value was 22 (18-27) and 24
(19-30) in patients with and without ALT/AST elevation, re-
spectively (adjusted P < .001). The corresponding Ct values
at the subsequent time points were as follows: on day 5, 24
(19-29) vs 26 (20-31; adjusted P < .001); on day 10, 28 (24-
32) vs 30 (25-33; adjusted P < .001); on day 15, 30 (26-34)
vs 31 (28-34; adjusted P < .001); on day 20, 32 (28-35) vs 33
(29-35; P < .001). The mean Ct values did not differ at subse-
quent time points; the median Ct value did not differ on day
30 (Table 2).

We also observed 2 temporal patterns of ALT elevation
(Figure 3A). One thousand twenty-eight of 1363 (75.4%)
patients had onset of ALT elevation within the first 14 days
after symptom onset; most of these patients ALT peaked
within 1 month of symptom onset; the majority had re-
ceived antiviral treatment for COVID-19 (68.5%) (Figure
3B). The other 335 (24.6%) patients had ALT elevation be-
yond the first 14 days after symptom onset; some of these
patients’ ALT peaked beyond 1 month from symptom onset;
and again, the majority had received antiviral treatment for
COVID-19 (87.8%) (Figure 3C).

Liver Injury and Viral Persistence

Patients who developed ALT/AST elevation had longer dura-
tion of viral persistence compared with those with persistently
normal ALT/AST; they had a longer duration from first pos-
itive to first negative RT-PCR of SARS-CoV-2 (13 [8-18] vs
9 [5-13] days; P < .001), a longer duration from admission to
first negative RT-PCR of SARS-CoV-2 (13 [9-19] vs 10 [6-14]
days; P < .001), and a longer duration from symptom onset to
first negative RT-PCR of SARS-CoV-2 (17 [12-22] vs 13 [9-17]
days; P <.001) (Table 2).

On univariate analysis by logistic regression, a lower
trough Ct value was associated with ALT/AST elevation (OR,
0.94; 95% CI, 0.94 to 0.95; P < .001). This remained an in-
dependent factor on multivariable analysis (aOR, 0.98; 95%
CL 0.97 to 0.99; P < .001). Other independent risk factors

Table 2. CtValue During Follow-up of 7622 Patients With Infection of SARS-CoV-2 Between March 24, 2020, and January 1, 2021, in Hong Kong

Without ALT/AST Elevation

With ALT/AST Elevation

(n = 6259) (n =1363) PValue Adjusted PValue®
Ct value at baseline 247 £ 6.9 226 +6.3 <.001 <.001
24.1 (19.1-29.9) 21.6 (17.6-26.9) <.001 <.001
Ct value at day 5 256 £ 6.5 241 £ 6.1 <.001 <.001
25.6 (20.3-30.8) 23.7 (19.0-28.6) <.001 <.001
Ct value at day 10 289 +53 274 + 5.4 <.001 <.001
29.5 (25.2-32.9) 276 (23.5-31.6) <.001 <.001
Ct value at day 15 30.8+4.6 296 +4.9 <.001 <.001
31.2 (28.2-34.3) 30.2 (26.2-33.5) <.001 <.001
Ct value at day 20 31746 309438 <.001 <.001
32.5(29.0-35.1) 31.6 (27.9-34.7) <.001 <.001
Ct value at day 25 324 +£48 31.7+438 .009 .065
33.5 (29.8-36.0) 32.7 (29.2-35.2) .002 .012
Ct value at day 30 33.1 £4.1 321 +49 .014 .099
33.9 (30.8-36.1) 33.6 (28.5-36.0) .027 .186
Duration from first positive to first negative RT-PCR of SARS-CoV-2 9 (5-13) 13 (8-18) <.001 -
Duration from admission to first negative RT-PCR of SARS-CoV-2 10 (6-14) 13 (9-19) <.001 -
Duration from symptom onset to first negative RT-PCR of SARS-CoV-2 13 (9-17) 17 (12-22) <.001 -

ALT and/or AST elevation was defined by ALT and/or AST >2x the upper limit of normal at baseline or during follow-up. The upper limit of normal of ALT and AST was 40 U/L. Ct value is
presented as median (interquartile range) and mean + SD. Duration is presented as median (interquartile range). Negative RT-PCR of SARS-CoV-2 is indicated by a negative qualitative result

or a quantitative Ct value >40.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Ct, cycle threshold; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2.
2P values for multiple comparison were adjusted by Bonferroni correction.
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Figure2. A, Mean and (B) median trajectory of Ct value of patients with and without ALT/AST elevation after hospitalization. Abbreviations: ALT, alanine aminotransferase;
AST, aspartate aminotransferase; COVID-19, coronavirus disease 2019; Ct, cycle threshold.

of ALT/AST elevation included use of corticosteroids, use of
lopinavir-ritonavir (with or without ribavirin or interferon-
beta), male gender, and mechanical ventilation (Table 3).
A similar trend of trough Ct value associated with ALT/AST
elevation was observed in early and late-onset ALT/AST el-
evation (Table 3).

Factors that might have contributed to early ALT/AST el-
evation (ie, within 14 days after first symptom onset) include

(on top of low trough Ct value) male gender, use of corticoster-
oids and other antiviral agents for COVID-19, and mechanical
ventilation (Table 3). Factors contributing to late ALT/AST el-
evation (ie, beyond 14 days after first symptom onset) include
(on top of low trough Ct value) male gender, cirrhosis, diabetes
mellitus, hypertension, use of corticosteroids and other anti-
viral agents for COVID-19, mechanical ventilation, and renal
replacement (Table 3).
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respiratory syndrome coronavirus 2.

Predictors of Viral Persistence

From First Positive to First Negative RT-PCR of SARS-CoV-2

On univariate analysis by linear regression, ALT/AST elevation,
lower trough Ct value, older age, male gender, liver cirrhosis,
DM, hypertension, and use of corticosteroids, remdesivir, and
other antiviral agents for COVID-19 were associated with a
longer duration from first positive to first negative RT-PCR of
SARS-CoV-2 (Table 4). ALT/AST elevation remained an inde-
pendent risk factor on multivariable analysis (adjusted coef-
ficient, 1.02; 95% CI, 0.62 to 1.42, P < .001); lower trough Ct
value, liver cirrhosis, DM, hypertension, use of corticosteroids,
use of COVID-19 antiviral agents, and mechanical ventilation
were also independent risk factors. Use of remdesivir was asso-
ciated with a shorter duration from first positive to first nega-
tive RT-PCR of SARS-CoV-2.

From Hospital Admission to First Negative RT-PCR of SARS-CoV-2
Similarly, on univariate analysis, ALT/AST elevation, lower
trough Ct value, older age, male gender, liver cirrhosis, DM,

hypertension, and use of corticosteroids, remdesivir, and other
antiviral agents for COVID-19 were associated with a longer
duration from hospital admission to first negative RT-PCR
of SARS-CoV-2 (Table 4). Again, ALT/AST elevation, lower
trough Ct value, liver cirrhosis, DM, hypertension, use of cor-
ticosteroids and other antiviral agents, and mechanical ven-
tilation were the independent risk factors on multivariable
analysis; use of remdesivir was associated with a shorter du-
ration from hospital admission to first negative RT-PCR of
SARS-CoV-2.

From Symptom Onset to First Negative RT-PCR of SARS-CoV-2

The independent risk factors for longer duration from symptom
onset to first negative RT-PCR of SARS-CoV-2 were ALT/AST
elevation, lower trough Ct value, presence of liver cirrhosis,
hypertension, use of corticosteroids, use of antiviral agents for
COVID-19, and mechanical ventilation; use of remdesivir was
associated with a shorter duration from symptom onset to first
negative RT-PCR of SARS-CoV-2 (Table 4).
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Table 3. Univariate and Multivariable Analysis by Logistic Regression on Factors Associated With ALT/AST Elevation in COVID-19 Patients

Univariate Analysis

Multivariable Analysis

Parameters OR (95% ClI) PValue aOR (95% CI) PValue
All ALT/AST Elevation

Trough Ct value 0.94 (0.94 to 0.95) <.001 0.98 (0.97 to 0.99) <.001

Age 1.02 (1.02 to 1.03) <.001

Male gender 2.49 (2.20 to 2.81) <.001 2.29 (2.01 to 2.61) <.001

Liver cirrhosis 1.18 (0.70 to 1.99) .627

Diabetes mellitus 2.69 (2.35 to 3.09) <.001

Hypertension 2.36 (2.08 to 2.67) <.001

Use of corticosteroids 6.19 (5.42 to 7.07) <.001 3.568 (3.07 to 4.17) <.001

Use of remdesivir 2.79 (2.32 t0 3.34) <.001

Use of other antiviral agents for COVID-19 3.72 (3.29 t0 4.21) <.001 2.20 (1.91 to 2.563) <.001

Mechanical ventilation 10.70 (777 to 14.74) <.001 2.44 (1.73 to 3.46) <.001

Renal replacement 8.32 (5.07 to 13.64) <.001

Positive HBsAg 1.00 (0.77 to 1.29) .966

Positive anti-HCV 0.85 (0.43 to 1.67) .636

Early ALT/AST elevation (within 14 d of symptom onset)?

Trough Ct value 0.96 (0.95 t0 0.97) <.001 0.99 (0.98 to 1.00) .043
Age 1.020 (1.016 to 1.024) <.001

Male gender 2.564 (2.21 t0 2.92) <.001 2.33(2.02 t0 2.70) <.001

Liver cirrhosis 1.31 (0.75 to 2.30) .347

Diabetes mellitus 2.49 (2.13 t0 2.90) <.001

Hypertension 2.11 (1.83 t0 2.42) <.001

Use of corticosteroids 5.60 (4.84 to 6.49) <.001 3.63 (3.07 to 4.30) <.001

Use of remdesivir 2.94 (2.41 t0 3.58) <.001

Use of other antiviral agents for COVID-19 2.95 (2.58 to 3.38) <.001 1.77 (1.561 to 2.07) <.001

Mechanical ventilation 9.06 (6.4 t0 12.82) <.001 2.24 (1.64 t0 3.27) <.001

Renal replacement 6.73 (3.89 to 11.64) <.001

Positive HBsAg 0.94 (0.71 to 1.27) .703

Positive anti-HCV 0.93 (0.45 to 1.94) .845

Late ALT/AST elevation (>14 d after symptom onset)®

Trough Ct value 0.91 (0.89 t0 0.92) <.001 0.95 (0.93 to 0.98) <.001

Age 1.04 (1.03 to 1.04) <.001

Male gender 2.35 (1.86 to 2.95) <.001 2.11 (1.65 to 2.7) <.001

Liver cirrhosis 0.80 (0.25 to 2.55) .705 0.28 (0.08 to0 0.93) .038
Diabetes mellitus 3.40 (2.68 to 4.30) <.001

Hypertension 3.28 (2.63 to 4.10) <.001

Use of corticosteroids 8.35 (6.65 to 10.49) <.001 3.96 (3.01 t0 5.21) <.001

Use of remdesivir 2.33 (1.66 to 3.26) <.001 0.53 (0.35t0 0.79) .002
Use of other antiviral agents for COVID-19 8.94 (6.73 to 11.88) <.001 4.72 (3.46 t0 6.44) <.001

Mechanical ventilation 16.02 (10.6 to 24.21) <.001 2.61 (1.67 to 4.34) <.001

Renal replacement 13.33 (713 to 24.94) <.001 2.29 (1.01 to 5.18) .047
Positive HBsAg 1.14 (0.74 to 1.76) .548

Positive anti-HCV 0.61 (0.15 to 2.55) .498

ALT and/or AST elevation was defined by ALT and/or AST >2x the upper limit of normal at baseline or during follow-up. The upper limit of normal of ALT and AST was 40 U/L.

Abbreviations: ALT, alanine aminotransferase; anti-HCV, antibody to hepatitis C virus; aOR, adjusted odds ratio; AST, aspartate aminotransferase; COVID-19, coronavirus disease 2019;
Ct, cycle threshold; HCV, hepatitis C virus; HBsAg, hepatitis B surface antigen; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“One thousand twenty-eight patients with early ALT/AST elevation and 6259 patients without any ALT/AST elevation were included.

®Three hundrd thirty-five patients with late ALT/AST elevation and 6259 patients without any ALT/AST elevation were included.

COVID-19 Therapies and Viremia

ALT/AST elevation was independently associated with lower
trough Ct value of RT-PCR of SARS-CoV-2 by linear regression
(adjusted coefticient, -0.76; 95% CI, -1.14 to -0.39; P < .001).
Among the COVID-19 therapeutic regimens, use of remdesivir
and use of interferon-beta (with or without lopinavir-ritonavir

and/or ribavirin) combination therapy were associated with
lower trough Ct value of RT-PCR of SARS-CoV-2 (Table 5),
whereas use of corticosteroids was not associated with that.
Among patient characteristics, older age and presence of liver
cirrhosis were also associated with lower trough Ct value of
RT-PCR of SARS-CoV-2 (Table 5).
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Table 4. Univariate and Multivariable Analysis by Linear Regression on Factors Associated With Time to First Negative RT-PCR of SARS-CoV-2

Duration From First Positive to First Negative RT-PCR of SARS-CoV-2

Univariate Analysis

Multivariable Analysis

Parameters Coefficient (95% CI) PValue Adjusted Coefficient (95% Cl) PValue
ALT/AST elevation 4.358 (3.894 to 4.822) <.001 1.017 (0.616 to 1.418) <.001
Trough Ct value —0.638 (-0.661 to -0.616) <.001 —-0.556 (-0.578 to —0.533) <.001
Age 0.098 (0.088 to 0.107) <.001
Male gender 1.044 (0.684 to 1.403) <.001
Liver cirrhosis 5.011 (3.201 to 6.820) <.001 2.226 (0.798 to 3.654) .002
Diabetes mellitus 4.519 (4.030 to 5.007) <.001 0.537 (0.075 to 1.000) .023
Hypertension 3.838 (3.423 t0 4.253) <.001 0.763 (0.380 to 1.147) <.001
Use of corticosteroids 7673 (7.202 to 8.144) <.001 4.347 (3.846 to 4.848) <.001
Use of remdesivir 4.833 (4.100 to 5.565) <.001 —-1.335 (-1.982 to —0.687) <.001
Use of other antiviral agents for COVID-19  4.824 (4.472 t0 5.177) <.001 0.858 (0.530 to 1.186) <.001
Mechanical ventilation 12.885 (11.657 to 14.213) <.001 5.234 (4.083 to 6.384) <.001
Renal replacement 8.785 (6.352 to 11.217) <.001
Positive HBsAg —0.266 (-1.218 to 0.686) 584
Positive anti-HCV —0.910 (-3.420 to 1.599) 477
Duration From Admission to First Negative RT-PCR of SARS-CoV-2

Univariate Analysis Multivariable Analysis
Parameters Coefficient (95% CI) P Value Adjusted Coefficient (95% Cl) PValue
ALT/AST elevation 4.295 (3.831 to 4.759) <.001 1.005 (0.601 to 1.409) <.001
Trough Ct value —-0.627 (-0.650 to —0.604) <.001 —-0.546 (-0.569 to -0.524) <.001
Age 0.096 (0.086 to 0.105) <.001
Male gender 1.064 (0.705 to 1.423) <.001
Liver cirrhosis 5.100 (3.293 to 6.908) <.001 2.376 (0.936 to 3.815) .001
Diabetes mellitus 4.479 (3.991 to 4.967) <.001 0.538 (0.071 to 1.004) .024
Hypertension 3.815 (3.400 to 4.229) <.001 0.790 (0.403 to 1.176) <.001
Use of corticosteroids 7604 (7.133 to 8.075) <.001 4.336 (3.831 t0 4.841) <.001
Use of remdesivir 4.851 (4.120 to 5.583) <.001 —-1.254 (-1.907 to —0.602) <.001
Use of other antiviral agents for COVID-19  4.673 (4.320 to 5.026) <.001 0.738 (0.407 to 1.068) <.001
Mechanical ventilation 12.806 (11.479 to 14.133) <.001 5.245 (4.085 to 6.404) <.001
Renal replacement 9.241 (6.813 to 11.67) <.001
Positive HBsAg —0.285 (-1.239 to 0.670) .569
Positive anti-HCV -0.844 (-3.364 to 1.676) 512

Duration From Symptom Onset to First Negative RT-PCR of SARS-CoV-2

Univariate Analysis Multivariable Analysis
Parameters Coefficient (95% CI) PValue Adjusted Coefficient (95% Cl) PValue
ALT/AST elevation 4.440 (3.916 to 4.963) <.001 1.034 (0.544 to 1.523) <.001
Trough Ct value —-0.572 (-0.599 to -0.544) <.001 -0.478 (-0.505 to —0.450) <.001
Age 0.104 (0.093 to 0.115) <.001
Male gender 1.147 (0.743 to 1.551) <.001
Liver cirrhosis 4.585 (2.551 t0 6.618) <.001 1.908 (0.166 to 3.649) .032
Diabetes mellitus 4.624 (4.074 t0 5.175) <.001
Hypertension 4.125 (3.658 to 4.5692) <.001 1.241 (0.806 to 1.677) <.001
Use of corticosteroids 7.826 (7.291 to 8.362) <.001 4.572 (3.965 to 5.178) <.001
Use of remdesivir 4.363 (3.537 t0 5.189) <.001 -1.831 (-2.620 to —1.041) <.001
Use of other antiviral agents for COVID-19  5.040 (4.642 to 5.438) <.001 1.302 (0.903 to 1.701) <.001
Mechanical ventilation 13.789 (12.294 to 15.284) <.001 6.350 (4.965 to 7.734) <.001
Renal replacement 10.780 (8.050 to 13.510) <.001
Positive HBsAg —0.106 (-1.148 to 0.936) .842
Positive anti-HCV —0.815 (-3.549 to 1.918) .559

ALT/AST elevation was defined by ALT and/or AST >2x the upper limit of normal at baseline or during follow-up. The upper limit of normal of ALT and AST was 40 U/L. ALT/AST elevation
was forced into the multivariable model. Use of antiviral agents included the use of lopinavirritonavir, ribavirin, and/or interferon-beta. Negative RT-PCR of SARS-CoV-2 was indicated by a
negative qualitative result or a quantitative Ct value >40.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COVID-19, coronavirus disease 2019; Ct, cycle threshold; HBsAg, hepatitis B surface antigen; HCV, hepatitis
C virus; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table5. Univariate and Multivariable Analysis by Linear Regression on Factors Associated With Trough Ct Value of RT-PCR of SARS-CoV-2 During COVID-

19 Infection

Univariate Analysis Multivariable Analysis
Parameters Coefficient (95% Cl) PValue Adjusted Coefficient (95% Cl) PValue
ALT/AST elevation -2.292 (-2.674 to -1.909) <.001 —0.764 (-1.141 to0 —-0.387) <.001
Age -0.079 (-0.087 to -0.072) <.001 -0.039 (-0.047 to -0.031) <.001
Male gender —-0.528 (-0.823 to -0.232) <.001
Liver cirrhosis —-3.358 (-4.740 to -1.976) <.001 -1.485 (-2.793 to —-0.178) .026
Diabetes mellitus —2.441 (-2.835 t0 -2.047) <.001
Hypertension —2.439 (-2.776 to -2.101) <.001
Use of corticosteroids —3.5664 (-3.949 to -3.179) <.001
Use of remdesivir —4.039 (-4.591 to -3.487) <.001 —2.460 (-3.005 to -1.914) <.001
Use of other antiviral agents for COVID-19 -3.976 (-4.265 to -3.687) <.001 -3.077 (-3.389 to —2.765) <.001

ALT and/or AST elevation was defined by ALT and/or AST >2x the upper limit of normal at baseline or during follow-up. The upper limit of normal of ALT and AST was 40 U/L. Other antiviral

agents for COVID-19 included interferon-beta, lopinavirritonavir, and/or ribavirin.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COVID-19, coronavirus disease 2019; Ct, cycle threshold; RT-PCR, reverse transcription polymerase chain

reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

DISCUSSION

We are one of the first to report the serial Ct values of SARS-
CoV-2 RNA and liver biochemistries of COVID-19 patients.
From the trajectory of SARS-CoV-2 RNA, viral load likely has
a role in the early phase of liver injury, as patients with ALT/
AST elevation had lower Ct values during the first 20 days of
hospitalization. Longer duration of viral persistence of SARS-
CoV-2 is also linked to ALT/AST elevation. Presence of DM is
consistently shown to be an important predictor of viral per-
sistence of SARS-CoV-2 defined in different ways. Patients who
used interferon-beta—containing regimens has a lower trough
Ct value, that is, a higher viral load. This reflects our clinical
practice of using COVID-19 therapies in patients with higher
viral loads and possibly more symptomatic patients during the
first few days after symptom onset.

Liver injury in COVID-19 is important because it is not only
common but also prognostically important [3, 7, 30, 31]. Yet
the exact underlying mechanisms of liver injury in COVID-
19 patients remain obscured. Patients who have a more severe
form of COVID-19 are at a higher risk of liver injury; the risk
could be 2-3 times higher than in those with mild to mod-
erate COVID-19 [32]. Yet, it is difficult to distinguish whether
such liver injury is viral or immunologically driven. Based on
our observation, it is biologically plausible that viral load and
viral persistence may have a crucial role in COVID-19 patients
with liver injury, particularly in the early days of infection. We
observed a consistently lower Ct value in the first 10 days of
COVID-19 in patients with liver injury, implying that SARS-
CoV-2 might have caused direct damage to the liver in the
early phase of COVID-19. Such differences were less consistent
during the subsequent 10 days of SARS-CoV-2 infection, and
there was essentially no difference from day 20 onward. This
observation suggests that late-onset liver injury may be more
related to immune-mediated pathways in the process of viral

clearance. Another possibility is that persistence of high viral
load might have resulted in other pathophysiological changes,
which indirectly led to liver injury [33].

Ct value is commonly reported in COVID-19 patients at the
time of diagnosis and during the recovery phase of COVID-19.
Low Ct value is associated with virus growth in cell culture and
hence infectivity [34]. Predictors of prolonged SARS-CoV-2
RNA shedding beyond 15 days from symptom onset, reflected
by Ct value persistently <40, include male gender, delayed ad-
mission to the hospital after illness onset, and invasive mechan-
ical ventilation [35]. Viral persistence may be as prolonged as
long as 5 weeks after onset of symptoms [36]. Ct value is also
helpful to decide the need for isolation, as a Ct value >34 to-
gether with resolved symptoms likely suggests lack of mean-
ingful infectivity [37]. Hence some liver transplant experts
proposed a less restrictive policy for liver transplantation in
COVID-19 patients based upon Ct values [38].

Data supporting the prognostic role of Ct value are now
evolving. A recent American study demonstrated a higher
in-hospital mortality rate in COVID-19 patients with higher
viral loads: rates of 38.8%, 24.1%, and 15.3% in patients with
high, medium, and low viral loads, respectively [39]. The rate
even reached 45.2% in patients with cancer and high viral loads.
Patients with hematologic malignancies also had higher me-
dian viral loads (Ct, 25.0) compared with those without cancer
(Ct, 29.2) [39]. This American study provides important insight
on not only the prognostic role of SARS-CoV-2 viral load, but
also the interaction between the virus and the immune system,
as patients with cancers are often immunosuppressed, either be-
cause of the malignancies or the anticancer treatments. Hence
Ct value may improve clinical management by providing early
signals of deterioration and poor prognosis.

Corticosteroid therapy is a double-edged sword in COVID-
19—it has been shown to improve survival in hypoxic
COVID-19 patients, whereas it may also prolong SARS-CoV-2
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persistence, as demonstrated by us and other groups [40].
A trend toward increased mortality has been demonstrated in
patients who did not require oxygen therapy who were treated
with corticosteroid therapy [41]. In our previous study, cortico-
steroid therapy was shown to be one of the risk factors of liver
injury [3]. This may be due to either more severe COVID-19 or
a longer duration of SARS-CoV-2 persistence.

The strength of our study is that it included a territory-
wide cohort that covers 97.6% of all COVID-19 cases in
Hong Kong. The majority (>95%) of these COVID-19 pa-
tients had Ct value results available. Data from real-life co-
horts represent a wider spectrum of patients, such that the
findings from real-life cohorts are thus more readily appli-
cable to routine clinical practice. Chronic viral hepatitis, es-
pecially chronic hepatitis B, remains endemic in our region;
close to 400 of patients had chronic hepatitis B (340), chronic
hepatitis C (47), and liver cirrhosis (88). Yet we did not ob-
serve an increased risk of liver injury in COVID-19 patients
with chronic viral hepatitis; possibly most of them had well-
compensated liver function.

Nonetheless, our study has a few limitations. First, we were
not able to include 696 out of 8318 (8.4%) COVID-19 pa-
tients because of missing ALT or Ct values. However, we be-
lieve such a relatively small proportion of missing COVID-19
subjects would not have major impacts on the findings. Second,
missing laboratory measurement data might have led to biases,
as in other retrospective studies, though these biases can par-
tially be compensated for by our respectable cohort size. Some
less common laboratory parameters, such as international
normalized ratio, might not be checked for every single patient
due to minor variations in clinical practice in different hospitals.
Yet, missing data were rare for common laboratory parameters
including ALT, total bilirubin, and creatinine, as those are regu-
larly checked in routine clinical practice. Missing anti-HCV was
found in 44% of COVID-19 patients. As the prevalence of HCV
in Hong Kong is low (0.3%) [42], the impact on our findings
would be tiny. Third, ascertainment bias may affect the relia-
bility of the study due to inaccurate entry of certain diagnosis
codes for comorbidities, namely DM, hypertension, and liver
cirrhosis. We minimized this bias by including diagnosis, labo-
ratory as well as medication data for DM, and hypertension. We
also measured serum platelet counts and examined more de-
finable ICD-9-CM codes for cirrhotic complications, which do
not rely on a more accurate diagnosis of cirrhosis to identify the
presence of cirrhosis. Patients who were first hospitalized be-
cause of COVID-19 may have had some of their comorbidities
missed. We believe those would be minor comorbidities, as it is
mandatory to enter diagnosis codes of major comorbidities even
when patients are hospitalized for COVID-19. Furthermore,
any medical conditions that warrant medical therapies, for ex-
ample, hypertension or diabetes mellitus, would have medica-
tions dispensed during the hospital stay, and such information

was also captured and used to define relevant comorbidities.
Lastly, there is yet more direct evidence, namely PCR results or
pathology of the liver, to further support direct viral injury by
SARS-CoV-2 to the liver. A recent study that made use of elec-
tron microscopy to review liver histology demonstrated several
virions within cytoplasmic vacuoles of cholangiocytes and in
endothelial cells of hepatic sinusoids [43].

In conclusion, COVID-19 patients with liver injury have
higher SARS-CoV-2 viral loads during the early phase of
COVID-109, signifying a possible direct viral injury to the liver.
Longer duration of viral persistence of SARS-CoV-2 may also
contribute to liver injury. Immunosuppression, due to corti-
costeroid therapy or presence of DM, contributes to such viral
persistence. Further studies to delineate the underlying mech-
anisms and interactions between SARS-CoV-2 and the immune
system leading to liver injury would contribute to the preven-
tion and management of liver injury in COVID-19 patients.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.

Acknowledgments

Financial support.  This work was supported by the Health and Medical
Research Fund of the Food and Health Bureau, the HKSAR Government
(grant number COVID190105 and COVID1903002). The Centre for Health
Systems and Policy Research is supported by the Tung Foundation.

Potential conflicts of interest. Grace Wong has served as an advi-
sory committee member for Gilead Sciences and Janssen, as a speaker for
Abbott, AbbVie, Bristol-Myers Squibb, Echosens, Furui, Gilead Sciences,
Janssen, and Roche, and has received a research grant from Gilead Sciences.
Terry Yip has served as an advisory committee member and a speaker
for Gilead Sciences. Vincent Wong has served as an advisory committee
member for 3V-BIO, AbbVie, Allergan, Boehringer Ingelheim, Echosens,
Gilead Sciences, Intercept, Janssen, Novartis, Novo Nordisk, Perspectum
Diagnostics, Pfizer, TARGET-NASH, and Terns and has served as a
speaker for Bristol-Myers Squibb, Echosens, Gilead Sciences, and Merck.
He has also received a research grant from Gilead Sciences. Henry Chan
is an advisor for AbbVie, Aligos, Aptorum, Arbutus, Hepion, Janssen,
Gilead, GSK, Merck, Roche, Vaccitech, VenatoRx, and Vir Biotechnology
and has served as a speaker for Mylan, Gilead, and Roche. David Hui has
served as an advisory committee member for Roche. S. S. Lee has served
as a member of the advisory boards of Merck, GSK, and Gilead Sciences
and has received grants and drug sponsorship from Gilead Sciences. Grace
Lui has served as an advisory committee member for Gilead, Merck, Sanofi
Pasteur, and GSK, has served as a speaker for Merck and Gilead, and has
received a research grant from Gilead, Merck, Janssen, and GSK. The other
authors declare that they have no competing interests. All authors have
submitted the ICMJE Form for Disclosure of Potential Conflicts of Interest.
Conflicts that the editors consider relevant to the content of the manu-
script have been disclosed.

Author contributions.  All authors were responsible for the study con-
cept and design. Grace Wong, Terry Yip, Yee-Kit Tse, and Grace Lui were
responsible for the acquisition and analysis of data, had full access to all of
the data in the study, and take responsibility for the integrity of the data and
the accuracy of the data analysis. All authors were responsible for the inter-
pretation of the data and the drafting and critical revision of the manuscript
for important intellectual content.

Value and Liver Injury in COVID-19 « OFID « 11



Patient consent.

The patients’ written consent was waived by the Joint

Chinese University of Hong Kong-New Territories East Cluster Clinical
Research Ethics Committee. The design of the work was approved by
the Joint Chinese University of Hong Kong-New Territories East Cluster
Clinical Research Ethics Committee.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Khan N, Patel D, Xie D, et al. Adherence of infusible biologics during the time
of COVID-19 among patients with inflammatory bowel disease: a nationwide
Veterans Affairs cohort study. Gastroenterology 2020; 159:1592-4.el.

. Sultan S, Altayar O, Siddique SM, et al. AGA institute rapid review of the gastro-

intestinal and liver manifestations of COVID-19, meta-analysis of international
data, and recommendations for the consultative management of patients with
COVID-19. Gastroenterology 2020; 159:320-34.¢27.

. Yip TC, Lui GC, Wong VW, et al. Liver injury is independently associated with

adverse clinical outcomes in patients with COVID-19. Gut 2021; 70:733-42.

. Chai X, HuL, Zhang Y, etal. Specific ACE2 expression in cholangiocytes may cause

liver damage after 2019-nCoV infection. bioRxiv 2020.02.03.931766 [Preprint]. 4
February 2020. Available at: https://doi.org/10.1101/2020.02.03.931766. Accessed
on 31 March 2021

. Bertolini A, van de Peppel IP, Bodewes FAJA, et al. Abnormal liver function tests

in patients with COVID-19: relevance and potential pathogenesis. Hepatology
2020; 72:1864-72.

. Li D, Ding X, Xie M, et al. COVID-19-associated liver injury: from bedside to

bench. ] Gastroenterol 2021; 56:218-30.

. Lei E Liu YM, Zhou F, et al. Longitudinal association between markers of liver

injury and mortality in COVID-19 in China. Hepatology 2020; 72:389-98.

. Phipps MM, Barraza LH, LaSota ED, et al. Acute liver injury in COVID-19: prev-

alence and association with clinical outcomes in a large U.S. cohort. Hepatology
20205 72:807-17.

. Brenner EJ, Ungaro RC, Gearry RB, et al. Corticosteroids, but not TNF antagon-

ists, are associated with adverse COVID-19 outcomes in patients with inflamma-
tory bowel diseases: results from an international registry. Gastroenterology 2020;
159:481-91.e3.

Khan N, Patel D, Xie D, Lewis J, Trivedi C, Yang YX. Impact of anti-tumor ne-
crosis factor and thiopurine medications on the development of COVID-19 in
patients with inflammatory bowel disease: a nationwide Veterans Administration
cohort study. Gastroenterology 2020; 159:1545-6.el.

Fishman JA, Roberts MB, Zhang EW, et al. Case 29-2020: a 66-year-old man
with fever and shortness of breath after liver transplantation. N Engl ] Med 2020;
383:1168-80.

Lee BT, Perumalswami PV, Im GY, et al; COBE Study Group. COVID-19
in liver transplant recipients: an initial experience from the US epicenter.
Gastroenterology 2020; 159:1176-8.e2.

Mansoor E, Perez A, Abou-Saleh M, et al. Clinical characteristics, hospitalization
and mortality rates of COVID-19 among liver transplant patients in the United
States: a multi-center research network study. Gastroenterology 2021; 160:459—
62.el.

Chang D, Zhao P, Zhang D, et al. Persistent viral presence determines the clinical
course of the disease in COVID-19. ] Allergy Clin Immunol Pract 2020; 8:2585-91.e1.
To KK, Tsang OT, Leung WS, et al. Temporal profiles of viral load in posterior
oropharyngeal saliva samples and serum antibody responses during infection by
SARS-CoV-2: an observational cohort study. Lancet Infect Dis 2020; 20:565-74.
Saurabh S, Kumar R, Gupta MK, et al. Prolonged persistence of SARS-CoV-2
in the upper respiratory tract of asymptomatic infected individuals. QJM 2020;
113:556-60.

Cheng MC, Tong YH, Kwok TC, et al. Development journey of Clinical Data
Analysis and Reporting System (CDARS) in Hospital Authority of Hong Kong.
MEDINFO 2010; 1468.

The Hospital Authority of Hong Kong. Hospital Authority statistical re-
port 2018-2019. Available at: https://www3.ha.org.hk/data/HAStatistics/
StatisticalReport/2018-2019. Accessed on 29 April 2020.

Yip TC, Wong VW, Chan HL, Tse YK, Lui GC, Wong GL. Tenofovir is associ-
ated with lower risk of hepatocellular carcinoma than entecavir in patients with
chronic HBV infection in China. Gastroenterology 2020; 158:215-25.¢6.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lai JC, Wong GL, Yip TC, et al. Chronic hepatitis B increases liver-related mor-
tality of patients with acute hepatitis E: a territorywide cohort study from 2000 to
2016. Clin Infect Dis 2018; 67:1278-84.

Lui GCY, Wong NS, Wong RYK, et al. Antiviral therapy for hepatitis B prevents
liver injury in patients with tuberculosis and hepatitis B coinfection. Clin Infect
Dis 2020; 70:660-6.

Lau LHS, Wong SH, Yip TCE, Wong GLH, Wong VWS, Sung JJY. Collateral effect
of coronavirus disease 2019 pandemic on hospitalizations and clinical outcomes
in gastrointestinal and liver diseases: a territory-wide observational study in Hong
Kong. Gastroenterology 2020; 159:1979-81.e3.

Wong JC, Chan HL, Tse YK, et al. Statins reduce the risk of liver decompensation
and death in chronic viral hepatitis: a propensity score weighted landmark anal-
ysis. Aliment Pharmacol Ther 2017; 46:1001-10.

Teoh JY, Yip TC, Lui GC, et al. Risks of AKI and major adverse clinical outcomes
in patients with severe acute respiratory syndrome or coronavirus disease 2019. J
Am Soc Nephrol. In press.

Zhu N, Zhang D, Wang W, et al; China Novel Coronavirus Investigating and
Research Team. A novel coronavirus from patients with pneumonia in China,
2019. N Engl ] Med 2020; 382:727-33.

Kim SE, Jeong HS, Yu Y, et al. Viral kinetics of SARS-CoV-2 in asymptomatic
carriers and presymptomatic patients. Int J Infect Dis 2020; 95:441-3.

Ho PL, Wu TC. Reducing bacterial resistance with IMPACT - Interhospital
Multi-disciplinary Programme on Antimicrobial ChemoTherapy, 5th Edition.
2017. Website: https://www.chp.gov.hk/files/pdf/reducing bacterial_resistance_
with_impact.pdf. Accessed on 29 April 2020.

American Diabetes Association. 2. Classification and diagnosis of diabetes: stand-
ards of medical care in diabetes-2018. Diabetes Care 2018; 41(Suppl 1):S13-27.
Sarin SK, Kumar M, Lau GK, et al. Asian-Pacific clinical practice guidelines on
the management of hepatitis B: a 2015 update. Hepatol Int 2016; 10:1-98.

Hundt MA, Deng Y, Ciarleglio MM, Nathanson MH, Lim JK. Abnormal liver
tests in COVID-19: a retrospective observational cohort study of 1827 patients in
amajor U.S. hospital network. Hepatology. In press.

Kovalic AJ, Huang G, Thuluvath PJ, Satapathy SK. Elevated liver biochemistries
in hospitalized Chinese patients with severe COVID-19: systematic review and
meta-analysis. Hepatology. In press.

Cai Q, Huang D, Yu H, et al. Characteristics of liver tests in COVID-19 patients. ]
Hepatol. In press.

Zacharioudakis IM, Prasad PJ, Zervou FN, et al. Association of SARS-CoV-2 ge-
nomic load with COVID-19 patient outcomes. Ann Am Thorac Soc. In press.
Gniazdowski V, Morris CP, Wohl S, et al. Repeat COVID-19 molecular testing:
correlation of SARS-CoV-2 culture with molecular assays and cycle thresholds.
Clin Infect Dis. In press.

Xu K, Chen Y, Yuan J, et al. Factors associated with prolonged viral RNA shed-
ding in patients with coronavirus disease 2019 (COVID-19). Clin Infect Dis 2020;
71:799-806.

Xiao AT, Tong YX, Zhang S. Profile of RT-PCR for SARS-CoV-2: a preliminary
study from 56 COVID-19 patients. Clin Infect Dis 2020; 71:2249-51.

Tom MR, Mina MJ. To interpret the SARS-CoV-2 test, consider the cycle
threshold value. Clin Infect Dis 2020; 71:2252-4.

Raveh Y, Simkins J, Vianna R, Tekin A, Nicolau-Raducu R. A less restrictive policy
for liver transplantation in coronavirus disease 2019 positive patients, based upon
cycle threshold values. Transplant Proc. In press.

Westblade LE, Brar G, Pinheiro LC, et al. SARS-CoV-2 viral load predicts mor-
tality in patients with and without cancer who are hospitalized with COVID-19.
Cancer Cell 2020; 38:661-71.e2.

Zheng S, Fan ], Yu E et al. Viral load dynamics and disease severity in patients
infected with SARS-CoV-2 in Zhejiang province, China, January-March 2020:
retrospective cohort study. BMJ 2020; 369:m1443.

Group RC, Horby P, Lim WS, et al. Dexamethasone in hospitalized patients with
Covid-19 - preliminary report. N Engl ] Med. In press.

Wong GL, Chan HL, Loo CK, et al; Hong Kong Association for the Study of Liver
Diseases (HKASLD). Change in treatment paradigm in people who previously in-
jected drugs with chronic hepatitis C in the era of direct-acting antiviral therapy.
] Gastroenterol Hepatol 2019; 34:1641-7.

Pirisi M, Rigamonti C, D’Alfonso S, et al. Liver infection and COVID-19: the elec-
tron microscopy proof and revision of the literature. Eur Rev Med Pharmacol Sci
2021; 25:2146-51.

12 « OFID « Wongetal


https://doi.org/10.1101/2020.02.03.931766﻿
https://www3.ha.org.hk/data/HAStatistics/StatisticalReport/2018–2019
https://www3.ha.org.hk/data/HAStatistics/StatisticalReport/2018–2019
https://www.chp.gov.hk/files/pdf/reducing_bacterial_resistance_with_impact.pdf
https://www.chp.gov.hk/files/pdf/reducing_bacterial_resistance_with_impact.pdf

